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Reducing DoD Product Development Time:

The Role of the Schedule Development Process
Abstract

According to the Packard Commission, “ Unreasonably long acquisition cycles -- tento
fifteen years for major weapon systemsis a central problem from which most other acquisition
problems stem.” Since the commission issued its report in 1986, the time required to develop new
military systems has only grown. Thisresearch and its recommendations are intended to identify
and eliminate the causes of those long devel opment times for military systems. This report
addresses a key factor in determining the development time for military projects: the project’ sinitial
schedule. Part 1 outlines the current situation, previous efforts to reduce development time, and
experiences with cutting development time in the commercial sector. It also documents the military
product development process. Part 2 identifies akey area--the schedule development process, and
itsimpact on development time--for in-depth research. Through understanding what is driving the
initial project schedule and the impact of the initia project schedule on the eventual development
time, the author identifies key drivers of development time. Part 3 presents the results of three
surveys and analyzes the processes used to develop a project’sinitial schedule, the process used to
develop a contracted schedule, and the impact of these schedules on actual development time. Part
4 presents observations, draws conclusions, and makes specific recommendations for remedial
action.

The key barriers to reducing development time for military systems are the lack of
importance placed on project schedules; the lack of effective schedule-based information and tools;
the lack of schedule-based incentives; and the overriding impact of the funding-based limitations on
defense projects. The steps necessary to establish afocus on reducing development time are: 1)
recognizing the impact of development time, 2) providing the necessary information for decision
makers, 3) providing proper incentives at each organizational level, and finally providing a
structure to effectively manage the set of al development projects to ensure that each project can be
funded based on its development-related requirements.

Implementing the recommendations and focusing on reducing development time will force
other changes in the acquisition process. The focus on reducing the time to develop and field
systems will drive the acquisition system to better meet the needs of our warfighters, more rapidly,
and at lower cost. Better, Faster, and Cheaper. Even more importantly, shortening devel opment

timesiscritica to develop and produce, with limited resources, the right weapons at the right time
to deter or to defeat any potential enemy at any time with the minimum cost to our warfighters.






Prologue and Overview

The U.S. Department of Defense spearheads the world’ s largest product development
operation. 1n 1997 alone it spent $32.5 billion developing new or improved military systems. In
the past 20 years DoD has spent the 1998 equivalent of $732.5 billion on researching, developing,
testing, and evaluating new systems. Through these critical activities, the DoD creates the
equipment its forces need to fight and win. An effective product devel opment system should
ensure that those forces have the right weapons at the right time in the right quantity to deter any
potential enemy.

Product devel opment activities determine which systems will be built, what capabilities
they will have, how reliable they will be, when they will be available, and how much they will
cost. Product development also influences how many systems are fielded, how the systems can be
employed, and how they will be maintained. Improving the performance of the DoD product
development system could result in more effective weapon systems, acquired at lower cost, in a
shorter time.

Over the last 10 years, companiesin awide array of industries have made dramatic
improvements in their approaches to creating new products, largely by focusing on cutting
development time. Companies with this focus often achieve 50% to 70% reductions by forcing
continuous improvement across their entire organization. The result is higher-quality products that
are easier to manufacture, that are ready for market faster, and that can be sold for a higher profit.
These companies have also dramatically increased the number and variety of products they
manufacture. Development timeis akey component of acompany’s ability to meet customers
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changing needs. Many companies and industry leaders see shorter development times and more
effective product development as the key to long-term competitive advantage.

Several previous DoD efforts to reduce development time have proven ineffective. In
1983, Dr. Jacques Gandler participated on the Air Force Affordable Acquisition Approach study,
which examined 109 DoD programs to answer the question, “Doesit really take longer and cost
more to develop systems now or isit just perception?’ The study group found that devel opment
time had indeed increased significantly since the 1950s and made a series of specific
recommendations to reduce them. 1n 1986, the Packard Commission’s Acquisition Task Force,
headed by Dr. William Perry, stated in its Formulafor Action that excessively long acquisition
cycles are “acentral problem from which most other acquisition problems stem,”* concluding that
it was “possible to cut thiscyclein half.”? The Packard Commission then made its own series of
recommendations. President Reagan directed DoD to implement the Packard Commission
recommendations, and Congress |egisated recommended organizational changes. Y et, since
1986, the development time for major defense systems has continued to grow: major new systems
fielded during the 1990s have required an average of 11 years from the decision to proceed to
initial operational capability. The time from decision to proceed to delivery of thefirst production
item accounts for 112 of the average 132 months.

Despite continuing growth in development times, recent acquisition reform efforts have
focused almost solely on reducing costs. While conducting this research, the author has
encountered many people within DoD and the military services who do not believe that reducing
development timeisimportant. One senior DoD acquisition reform leader stated bluntly that she
was not interested in such an effort unlessit would cut costs. Survey results obtained as part of
this research confirm the low priority placed on reducing development time by the acquisition
community.

The objective of this research isto improve the DoD acquisition processto alow better
equipment to reach warfighters more quickly and at lower cost. Cutting development timesisalso
key to developing systems that respond effectively to changing military needs and take advantage
of new technologies. An overall shift in strategy away from developing awide array of systemsto
counter al potentia threats toward one more responsive to specific threats will ensure that the right
weapons are ready when they are needed.

! President’ s Blue Ribbon Commission on Defense Management. “A Formulafor Action: A Report to the President
on Defense Acquisition” (The Packard Commission Report) Washington D.C. April 1986. Pg. 8.
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Cutting development cycles will aso extend the time that forces maintain their technical
advantage. If asystemisquickly compromised by countermeasures, itslong-term worth is
guestionable. Thusthe U.S. Air Force now builds systems “just-in-case” asinsurance against a
“pop up” threat. That is one argument for the F-22 and the Joint Strike Fighter, both of which are
intended to counter threats that may develop over the next 30 years. Indeed, while 70% of the
projects surveyed were designed to meet current operational deficiencies, fully 30% were intended
to meet projected needs.

The net effect of such a strategy is that some systems are often developed to counter threats
that never materialize. What's more, when systems are finaly fielded they often must perform a
dramatically different mission than they were designed for. This produces the worst type of
inefficiency: developing and producing the wrong weapon at the wrong time with obsolete
technology, or one that does not meet the current need when fielded. The B-2, designed as along-
range nuclear bomber, and the MILSTAR, conceived as a strategic communication system for the
second stage of anuclear exchange, are visible examples of systems designed to meet missions that
never materiaized or disappeared before they were completed. The MILSTAR has been used
instead as atactical terminal, something for which itslow datarate makesit ill suited in today’s
digital environment and large demand for information. The “just-in-case” strategy also forcesthe
US to spread its resources over many systems, resulting in even longer development times.

To change the basic development philosophy to a“just-in-time” strategy, where systems
arefielded as they are needed to maintain technological superiority, the US needs to be able to both
develop and field a sufficient number of units quickly. Today the US takes 10 to 20 yearsto
develop and field major new weapon systems, which are expected to be in operation for 20 to 25
years. That approach forces the US to project threats 40 yearsinto the future -- anearly impossible
feat. The requirementsthat the F-22 and other planes retain technological superiority in the year
2020 and beyond is what pushes their demanding technology performance requirements and drives
much of the cost of military systems. In general, the recent response to long cycle times has been
to establish along-term planning organization in the Pentagon to project the required force
structure, the weapons, and the technologies required afull 25 to 40 yearsin advance. This may
not be that bad except that the effect of these plansisto lock in the planned future systems and
related schedules long before it is possible to know the actual threat. Once made, these plans and
schedules prove very difficult and costly to change. The system is most closely comparable to the
centra planning function of the former Communist systems with little free market or

2 President’ s Blue Ribbon Commission on Defense Management. “A Formulafor Action: A Report to the President
on Defense Acquisition” (The Packard Commission Report) Washington D.C. April 1986. Pg. 15.
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entrepreneurial forces at work. Bureaucratic processes dominate the planning processes and one
result of this process, as shown by the research, islong development times.

One effect of long development times for weapon systemsis alarge number of projectsin
development at once. Thisisthe same problem found in many commercia firmsthat are
experiencing product development problems. Too many products and too few resourcesto execute
them effectively and efficiently result in long development times, significant schedule dlips, and
cost overruns. Aswill be shown, that is exactly what is happening in Air Force development
efforts. It also forces large technology step sizes to ensure that the products are technologically
superior when they are eventually fielded, which only exacerbates the problem.

Asan dternative to the “just-in-case” strategy, one could go to a“just-in-time” strategy,
where systems would be quickly developed to counter actual identified emerging threats.
Resources could be more effectively targeted to counter the real threats instead of being spread over
many systemsto counter many potential emerging threats. This could allow for a more targeted
approach in deciding which systems are needed and should be devel oped.

Having an effective and quick development process would alow arapid response to a* pop
up” threat that may be based on a new technology which would limit the duration and depth of any
military exposure. Without an efficient and responsive development process, the USis vulnerable
to unpredicted emerging systems based on new technologies or novel combinations of existing
technologies.

A historical point isthat this*just-in-time” approach isnot new. It has been the traditional
US military strategy from the Revolution through the Second World War. Only during the Cold
War did we fedl the need to have long-term technological superiority over all enemies. During
WWII, the US devel oped better systems quickly and produced them massively. The speed and
potential effects of the nuclear war and our lack of preparation for the Korean War made the US
fear being caught unprepared. This developed into the idea of the “come as you are” war which
would be fought in Europe and the ultimate winner would be determined in a matter of weeks
before any production could affect the outcome. The fear of thistype of total lightning war has
been eliminated by the changes in Russia and the lessening of the perceived nuclear threat. Smaller
operations will still be on a“come asyou are” basis requiring significant, but not massive,
inventories of the highest-technology weapons.

Thisfast development strategy may rely on a pre-devel oped set of critical technologies and
subsystem components that are devel oped to the point where they can be assembled quickly,
tested, and then produced as needed en masse. Such key technologies would be in the areas of
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sensors, signal and computer processors, communication systems, warheads, autonomous
control, and navigation. The " develop and test but not produce” strategy would keep the US
aerospace industry’ s product development capability in shape to ensure that it could be called upon
when needed. It would facilitate multiple iteration of the designs, alowing for continual
improvements without the cost of modifications. This strategy is similar to the design, build, test
policies or the “Silver Bullet” ideas that surfaced during the early 1990's. Those were proposed
more because of alack of production money rather than a shift in the overall military development
strategy to “just-in-time.” The* Silver Bullet” strategy was not widely accepted for avariety of
political reasons which may have changed since the end of the Cold War and the acceptance of
decreasing defense budgets.

Another key aspect of this strategy would be to have alarge reserve of production capacity
that would be availablein time of an emergency or an emerging threat. The central and enabling
aspect of thiswould be reliance on the US commercial production capacity as a sort of “Civil
Reserve Industrial Capacity,” much asthe Air Force relies on the Civil Reserve Air Fleet to
augment its transport aircraft with airline aircraft. Thisrequiresthat the military and commercial
production capacities be merged. The merger of the defense and commercial production capacity is
the magjor goal of efforts by the previous Defense Acquisition Executive, Dr. Kaminski, to remove
military specification and standards and to go to single commercia standards and processes.® Dr
Gander, the current Defense Acquisition Executive, wrote of similar objectives and specified
specific steps to begin to achieve civil-military integration in his book Affording Defense* and more

recently in aJune 3, 1998, letter to the Service Secretaries on the Single Process Initiative.®
Integration of the defense and commercia industries allows the US to maintain the defense capacity
for times of emergency without the cost of constantly producing defense products that we do not
need at the present time. Thisalso alows usto get away from the “ defense industrial complex”
requiring constant feeding and production to sustain itself as they would have commercia products
that they can produce to maintain their capacity. The DoD would pay them to maintain military-
specific equipment and capacities and maintain the ability to rapidly shift to produce needed military
systems. Before that can happen, the defense industry must either become lean to compete in the
commercial market, or the commercial companies must be alowed to compete in the defense
market without large barriers. If one reads many of the Defense Science Board studies that were

3 Perry, William. “ Secretary of Defense Memorandum: Common Systems/| SO-9000/Expedited Block Changes.” Dec 6,
1995.

4 Gander, Jacques. Affording Defense. Cambridge MA: MIT Press, 1989. Pg. 239, 279-282.

5 Gander, Jacques. “USD(A&T) Memorandum: The Single Process Initiative - A Long Term Perspective.” 3 June
1998.
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led by Dr. Perry and Dr. Kaminski as far back asthe 1970’ s, the emphasis on the merging of the
defense and commercial industry is a central theme and for this very reason.® This merging of
production linesis starting to occur in the satellite, electronics, and engine industries, but to date it
has not occurred in the aircraft or munitions areas.

There are both political and technology reasons that make the change from “just-in-case” to
“just-in-time” strategy not only desirable, but also possible in today’ s environment where it may not
have been possible 10 years ago. The technology-based reasons are: the key technologies for military
systems are now primarily drawn from commercial technology devel opments; the rapid pace of
commercia technologies has overtaken the military development effort; the development of open
system architectures from commercial computer systems is making its way into military systems (Open
Systems Initiative); the quality of commercia products often exceeds the military standard equivalents;
and the acceptance of field-replaceable instead of field-repairable components allows the maintenance
concernsto be reduced. Some of the political changes that may allow for this type of change to occur
now are: the reduction of the military threat and aperiod of clear military superiority (we can take this
time to reorganize without exposing ourselvesto risk); the acceptance of substantially lower long-term
defense budgets; the diminished threat of aglobal war and instead, afocus on regional conflicts; and a
recognition on the part of industry and military leaders that things can and must change if we are to
provide effective weapons for our forces over along period.

The key to making such a change in development strategy is the reduction in thetime it
takesto develop and produce military-related products. The demonstrated capability to quickly
develop and produce weapons is the key capability that will enable such a change to occur. Not
only is reducing the product development time a key to improving the product development
process, but it is aso key to changing the strategy used to decide which systemsto develop and
how to equip our forces.

This research and its recommendations are intended to identify and eliminate the causes of
long development times for military systems. It addresses what will be shown to be akey factor in
determining the devel opment time for military projects, the development of the project’ sinitial
schedule. Thisreport isorganized around the process used to carry out the study. Part 1 outlines
the current situation, the previous efforts, and the commercia experience associated with

5 Department of Defense. “Report of the Defense Science Board: 1986 Summer Study on Use of Commercial
Componentsin Military Equipment.” Office of the Under Secretary of Defense for Acquisition. Washington D.C.
January 1987.
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development time. 1t also documents the product development process. Chapter 1 identifiesthe
current development time for military systems and found that they have consistently increased since
the 1970s. It identifies some of the impacts of development time on military capability, cost, and
the DoD acquisition system. Chapter 1 also identified the previous significant efforts to shorten
development times such as the Packard Commission and other more contemporary efforts.

Chapter 2 looks at the commercia successes at improving product devel opment capability by
focusing on development time. 1t provides experiences from the automobile industry and
aerospace industries more closely related to the defense industry. Chapter 3 provides a description
of the Air Force product development process as a representative example of how the DoD
accomplishesits product development activities.

Part 2 of this report identifies akey research area, the schedule development process, and
itsimpact on development time, for in-depth research. Through understanding what is driving the
initial project schedule and the impact of the initia project schedule on the eventual development
time, the author hopesto identify the key drivers of development time. Chapter 4 identifiesthe
specific area of research and provides the framework for the research. Chapter 4 also reviews the
previous research associated with project schedules associated with military projects. Chapter 5
describes the research method selected and used to collect the required data. 1t describesthe
reasons a survey-based method was selected and the factors that were considered in devel oping the
three surveys used to collect project-level data at the Program Offices, the Pentagon, and the
contractors. Chapter 6 presents the demographics of the 317 survey respondentsto show that it is
arepresentative sample of the current devel opment efforts, both large and small. Chapter 7
describes the methods used to analyze and illustrate the results of the surveys.

Part 3 presents the results of the three surveys and the analysis of the processes used to
develop aproject’ s schedule and its impact on actual development time. Based on the survey
results, Chapter 8 identifies the factors involved in developing aproject’ sinitial schedule. It
analyzes users schedule desires, the project objectives, and the influences on schedule. It
identifies the schedul e information and tools used, and the organizations involved in the
development of aproject’sinitial schedule. Chapter 9 shows the impact of the project’ sinitial
schedule on the project’ s contracted schedule. It shows what is driving the length of the
contractor’ s proposed schedules and the results of these schedules. Chapter 10 identifies the
incentives associated with the length of project schedules for the development of a project. It
describes both the organizational and personal incentives at the Pentagon, program offices, and
Contractor associated with project schedules. Chapter 11 then documents the achieved schedules
and compares them to both theinitial project schedules and estimates of the project managers of the
minimum required time to develop the projects. 1t shows the impact on the overall development
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time that the project’ sinitial schedule and the various factors that cause delays in projects have on
thetimeit eventually takesto develop the project.

Based on the survey results, Part 4 draws conclusions, presents observations, and makes
specific recommendations for remedial action. Chapter 12 draws specific conclusions on the
schedule devel opment process and itsimpact. Chapter 13 places these conclusionsin the larger
context and makes specific observations about the entire product devel opment process. Chapter 14
makes specific recommendations for action that must be taken to improve the product development
process and in particular the process used to develop theinitial schedules of a devel opment project.
Chapter 14 then revisitsthe larger changesin devel opment strategies enabled by the reduction in
development times and how shorter development times may alow for a change from a“just-in-
case’ development strategy to “just-in-time” approach.

The ultimate objective of this research isto reduce development time in order to meet the
ever-changing needs of our warfighters. Reducing development timeis the key to improving the
development processto allow it to provide higher-quality products, more rapidly, and at lower
cost. Current long development times for military systems have significant negative impacts.
Many commercial firms have achieved dramatic improvementsin their product devel opment
processes by focusing on reducing development time. This research provides a detailed
description of the complex processes the military usesto select, plan, and carry out devel opment
projects and the impact those processes have on the time it takes to develop and field these projects.

This research identifies key barriersto reducing devel opment time and makes specific
recommendations on how to remove them. The key barriers to reducing development time for
military systems are the lack of importance placed on project schedules; the lack of effective
schedule-based information and tools; the lack of schedule-based incentives; and the overriding
impact of the funding-based limitations on defense projects. The steps necessary to establish a
focus on reducing development time are: 1) recognizing the impact of development time, 2)
providing the necessary information for decision makers, 3) providing proper incentives at each
organizationa level, and finaly, 4) providing a structure to effectively manage the set of all
development projects to ensure that each project can be funded based on its devel opment-rel ated
requirements.

The implementation of the recommendations and a focus on reducing devel opment time will
force other necessary improvements in development and other acquisition processes. The focus on
reducing the time to develop and field systems will drive the acquisition system to better meet the
needs of our warfighters, more rapidly, and at lower cost. Better, Faster, and Cheaper. Even
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more importantly, shortening development timesis critical to develop and produce, with limited
resources, the right weapons at the right time to deter or to defeat any potential enemy at any time
with the minimum cost to our warfighters. The recommendations of this effort should be
implemented forthwith to begin the long and difficult process that is required to shorten the
development times and increase the effectiveness of our military product development system.
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Part 1

Problem | dentification and Development
Process Overview

Part 1: Overview

Part 1 of thisthesis, consisting of Chapters 1 through 3, describes some current issues
associated with the Air Force product development process and the problem of long devel opment
cycles. Chapter 1 identifies the nature of the problems that lead to long cycle times and discusses
past and current efforts to address them. Chapter 2 describes significant advancesin the
commercia sector that have resulted from applying lean development practices. Chapter 3
specifically describes Air Force product development processes to establish aframe of reference
for discussionsin later chapters.
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Chapter 1

L ong Development Times for Military
Systems

The U.S. Department of Defense oversees the world’ s largest product devel opment
operation. Over the past 20 years, DoD has spent the 1998 equivaent of $732.5 billion on
researching, developing, testing, and evaluating new systems. In 1997 alone it spent $32.5 hillion
developing new or improved military systems, despite a 30 percent drop in annual development
dollars since 1989.

Today, development-related activities represent 42 percent of DoD’ s total procurement
costs. This amount does not include the tens of thousands of military and civilian DoD employees
assigned to acquisition-related positions, nor the devel opment-related activities associated with
operating and maintaining existing systems. Based on analysis of the defense budget over time,
the money going to research and development (R& D) on new weapon systems represents an
increasing fraction of all modernization dollars, and thisfraction is currently at an all-time high.
For many programs, development costs significantly exceed procurement costs. Development
costs combined with the rapid rate of technological advances—plus the impact on operational
capabilities and costs—make the DoD devel opment process a central issue in defense acquisition.

Many efforts have been made to improve the military acquisition system over the last
several decades. The most influential reform initiative was the Presidential Blue Ribbon
Commission led by David Packard in 1986. The Packard Commission identified long
development time as the key problem and stated in its conclusion:

29
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Serious result of this management environment is an unreasonably long acquisition cycle--
ten to fifteen years for our major weapon systems. Thisisacentral problem from which

most other acquisition problems stem: . . . it leads to unnecessarily high costs of
development, . . . obsolete technology . . . and aggravates the very gold plating that is one
of its causes.

Packard Commission Report’

Asit introduced its recommendations, the Packard Commission stated:

Acquisition problems have been with us for severa decades, and are becoming more
intractable with the growing adversarial relationship between government and the defense
industry, and the increasing tendency of Congress to legislate management solutions. In
frustration, many have come to accept the ten-to-fifteen years acquisition cycle as normal,
or even inevitable.

We believe that it is possible to cut thiscycle in half.

Packard Commission Report?

Long product development cycles have a serious impact not only on the military’s
acquisition system but also on its warfighting capabilities. DoD leaders have long complained that
it takes too long to develop and field new systems and too long to meet the needs of warfighters.
In 1986, the Packard Commission reported:

“The Chairman of the Joint Chiefs of Staff stated that the most important way technology
could enhance our military capability would be to cut the acquisition cyclein half.”®

More recently, Secretary of Defense William Cohen in March of 1997 stated:

... we need fast-paced acquisition systems that can seize upon the new technologies. . . .
We need to quickly put thistechnology into the warfighters hands to meet their needs
while. . . itisdtill new and very competitive. *°

General Ronald R. Fogleman, former U.S. Air Force Chief of Staff, indicated the importance of
making the acquisition system more responsive to warfighters' needs:

" President’ s Blue Ribbon Commission on Defense Management (Packard Commission). “Formulafor Action: A
Report to the President on Defense Acquisition.” 1986. Pg. 8.

8 Packard Commission. “Formulafor Action: A Report to the President on Defense Acquisition.” 1986. Pg. 15.

® Packard Commission. “Formulafor Action: A Report to the President on Defense Acquisition.” 1986. Pg. 35.

10 Cohen, William and Kaminski, Paul. “DoD Press Conference.” 14 March 1997. Reported in Program Manager.
Defense Systems Management College. May June 1997. Pg. 15-18.
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It's essential that we make our acquisition system more responsive to the needs of the
warfighter. We've engaged our partnersin industry to help usimprove our acquisition
process and produce more combat capability for the dollarswe invest. . . . Working
together, we can provide atruly responsive acquisition process that fields the capabilities

required to underwrite asymmetric force application in atimely and cost-effective manner.™

The Honorable Paul Kaminski, Under Secretary of Defense for Acquisition and Technology, put it
more straightforwardly when he told a Senate Committee:

The Department of Defense cannot afford a 15-year acquisition cycle time when the
comparable commercial turnover isevery 3to 4 years. Theissueisnot only cost. The
lives of our soldiers, sailors, marines, and airmen may depend upon shortened acquisition
cycletimesaswell. Inagloba market, everyone, including our potential adversaries, will
gain increasing access to the same commercia technology base. The military advantage
goes to the nation who has the best cycle time to capture technologies that are commercially
available; incorporate them in weapon systems; and get them fielded first.”

" Fogleman, Gen. Ronald R., U.S. Air Force Chief of Staff. “Air Power and the American Way of War.” Presented at
the Air Force Association Air Warfare Symposium. Orlando, Florida. Feb 15, 1996.

2 Kaminski, Paul G. “Statement of the Under Secretary of Defense for Acquisition and Technology, Paul Kaminski,
before the Subcommittee on Defense Technology, Acquisition and Industrial Base of the Senate Committee on
Armed Services on Dua Use Technology.” May 17, 1995.
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A. Acquisition Response Time

The acquisition cycle, to which the leaders refer, can aso be described as the acquisition
response time. Acquisition response time is the time from the emergence of athreat, an operational
need, or anew technological opportunity to the delivery of enough systems to provide operational
capability. Acquisition response timeis thus a measure of the responsiveness of the entire
acquisition system to meet the needs of warfighters. This time includes recognition time, decision
time, development time, and production time.

Acquisition Response Time

Define
evelopment
Proj ect I
Identify Nee Technology, De\lée opment Production|
and Reguirements, Frocess
Oppor tuniti ResoUIces, (To First Production
\ _A\Plan Acqisition / Item)
Recognition Decision Devel opment Production
Time Time Time Time
. . Production _
Emerging Threat Need Decision Item Operationd
Technological Identified  to Proceed Capability
Opportunity
Current Deficiency
Changed Military
Strategy

Figure 1-1: Components of Acquisition Response Time -- Time to Meet the
Customer’s or User’s Needs.

Recognition time begins when a new threat emerges, a deficiency in the ability to execute a
military strategy appears, a change in military strategy that requires new systems occurs, or a
technologica opportunity with significant military application emerges. Recognition time ends
when the services formally recognize the need for anew system. Thisistypically done through a
Mission Needs Statement.
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Decision time begins when the need is recognized and ends when a decision is made to
proceed with a development effort to fill that need. During this period leaders must decide which
needs among many to address, and which opportunities to pursue. During thistime, leaders also
define the requirements for anew system, determine which technology to use, alocate the
resources, and create a development plan. Decision time endswith aMilestone | decision or
project approval.

Development time begins with the decision to start the project and ends with the delivery of
the first production item. This stage includes selecting contractors, refining the product’ s design
and the process used to make it, prototyping, testing, and producing the first representative
system. By the end of this period, the vast mgjority of product and process devel opment activities
are complete. Further improvements to the production process can be attributed to the learning
curve during production.

Production time begins with completion of the first item and ends when enough systems
are produced and fielded to provide an effective operational capability. Inthe military,thisis
marked by the “required asset availability” (RAA) date, or by the declaration of “initial operational
capability (I0C)”. Not until this point do warfighters consider a system usable for the intended
mission.

Determining overall acquisition response time is often difficult becauseit is unclear exactly
when an opportunity opens or athreat emerges. Decisions can occur quickly if an opportunity or
threat catches aleader's attention, but potential projects can also languish for years within the
modernization planning process, never managing to make it above the cutoff line. Based on
observation of many programs, decision makers may also take aslong as five yearsto build the
necessary consensus for starting a devel opment project.

B. Development Timesfor Military Systems

Development timeis easier to examine and analyze since it has amore defined beginning and
end. Development time for all major defense acquisition programs'® averaged 106 months, or
nearly 9 years, from 1965 to 1995, as shown in Figure 1-2 below. Air Force the smaller sized
ACAT Il projects--those costing between $355 million and $140 million for devel opment --

3 Mgjor Defense Acquisition Programs are those that have more than $355 million in projected devel opment costs or
more than $1 billion in projected production costs.
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averaged 66 months. Smaller ACAT |11 projects--those costing less than $140 million for
devel opment--averaged 51 months. *

20

15

10

Number of Projects

0-12
12-24 "
24-36
36-48 '
48-60 '
60-72 '
72-84"
84-96 '

96-108 '

108-120 '

120-132

132-144 *

144-156 *

156-168 *

168-180

180-192 '

192-204 '

204-216 '
216-228 !
228-240

Total Development Time (Months)

Figure 1-2: Distribution of Product Development Time for Major Defense
Acquisition Systems Since 1965.%

14 ACAT refersto the Acquisition Category of the program which is determined by the potential cost of the project in
development and production. The ACAT size often determines the reporting requirements of the project.

15 M. Jarvaise, J.A. Drezner, and D.M. Norton. “The Defense System Cost Performance Database: Cost Growth
Analysis Using Selected Acquisition Reports.” SantaMonica CA: RAND. MR-625-OSD Data current as of
December 1994,
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Figure 1-3: Distribution of Development Time for Smaller Air Force Development

Projects (Current ACAT Il and ACAT Il Projects).”

Development times have increased since the Packard Commission report was issued in
1986. Development time for major defense projects, based on the date of the first delivered
operational item, has grown from 97 months in the first half of the 1980s to 108 monthsin the first
half of the 1990s. Development time appears to be headed for 115 months for the second half of
1990’s, and to over 120 months--more than 10 years--after 2000, as shown in Figure 1-4. (No
projected data are available for smaller projects.)

The figure shows the times from program start (Milestone 1) to first operational delivery.
The figure does not include pre-Milestone | activities, which can last up to 5 years, nor does it
include time from first operational delivery through delivery of enough quantities for operational
use.

Asshown in Figure 1-5, long product development times occur across al types of
systems. Of particular note isthat electronic systems, munitions systems, and helicopters average
more than 10 yearsin development.

16 Data provided by Secretary of the Air Force (Acquisition) SAF/AQXR. Definitions of start and stop points used to
determine devel opment time could not be verified.
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Figure 1-5: Average Time from Program Initiation to First Operational Delivery
for Major Defense Acquisition Systems.*®

1 Datafrom Rand SAR Database. J.M. Jarvaise, JA. Drezner, and D.M. Norton. “The Defense System Cost
Performance Database: Cost Growth Analysis Using Selected Acquisition Reports.” Santa Monica CA: RAND.
MR-625-OSD Data Current as of December 1994. Averaged over al major defense acquisition programs with
available data. Note the 70-74 data may not contain some long running program data that was not included in the
SAR database as some programs preceded the SAR reporting requirements.
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Little solace can be taken from the relative speed of the process for devel oping military
aircraft, such asthe F-16, KC-10, and A-10. More contemporary efforts, such as the C-17 (150
months), F-22 (144 months), and T-45 (111 months), average significantly longer development
times.

Average development times for smaller Air Force ACAT 1l and ACAT 111 projects (below
$355 million in development costs) are shown in Figure 1-6 below.
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Figure 1-6: Projected Average Development Times for Current Smaller Programs
(ACAT Il and ACAT Il Projects) *

8 Datafrom J.M. Jarvaise, JA. Drezner, and D.M. Norton. The Defense System Cost Performance Database: Cost
Growth Analysis Using Selected Acquisition Reports.” MR-625-OSD. Santa Monica CA: RAND. Data current as
of December 1994.

'° Projected devel opment time provided by the Assistant Secretary of the Air Force for Acquisition (SAF/AQXR).
Definition of start and stop points used to determine devel opment time could not be verified. Percent of development
complete also could not be determined.
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For new programs completed in the 1990's, the average time from program start to initial
operational capability—the real test—isover 10 years. Thisaverageis available from arecently
developed database from the Office of the Secretary of Defense. This database is based on
Selected Acquisition Reports and is current as of March 1998.%
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Figure 1-7: Time from Program Initiation to I nitial Operational Capability for
Major Defense Acquisition Programs, from OSD(A&T) APl ACTS database of
215 M ajor Defense Acquisition Programs.

The scenario feared by the Packard Commission—that the military would come to accept
10 to15-year acquisition cycles—has apparently occurred Systems now ininitia stages have been
planned with long development cycles. The newest system, the Joint Strike Fighter, which has
just begun its demonstration phase, is scheduled to be operational in 2008 after 12 years of
development. The AIM-9X off-boresight missile used in close air-to-air combat is expected to
reach initial operational capability in 2003 -- nine years after program initiation despite the fact that
a prototype was demonstrated as early as 1994, and despite the fact that the weapon fulfillsa

2 Department of Defense OSD(A&T) API. DoD Cycle Time Analysis Tool. 15 January 1998.



1. Long Development Times for Military Systems 39

strong identified need and that it has significant political backing.” Even the F/A-18 E/F, an
upgrade of an existing fighter, is scheduled to take 11 years from initial contract award in1991
until initial operational capability in 2002.

The “nomina” or planned times for proceeding from program initiation to the beginning of
production, shown in Table 1-1 and taken from a Defense Systems Management College chart,
range from 6 to 13 years. When one includes the production process, the acquisition cycle takes 8
to 21 years—potentially one year longer than a successful military career.

Phase 0 Concept Exploration 0-2 years

Milestonel  Program Initiation

Phase | Demonstration and Validation 2-4 years

Milestone 2

Phase I Engineering and Manufacturing Devel opment 4-7 years

Milestone 3

Phase 111 Production and Deployment 2-8 years

Phase IV Support 10-50 years
Development Range 6-13 years
Deployment Range 8-21 years

Table 1-1: “Nominal” or Planned Defense Acquisition Time Scales.”

Exacerbating long planned development cycles, only half of DoD devel opment programs
meet their schedule. Many programs are delayed for years, some because of technical problems,
some for funding reasons, and some because of changing requirements. Electronic systems and
munitions systems, for example, average 21 months' delay. Figure 1-8 below shows the number
of major defense acquisition programs that experience schedule dips. Table 1-2 shows the
planned and actual schedulesfor different types of maor development projects.

Number of
Planned Achieved Average Slip Programs
System Type (months) (months) (months) in Database
All Programs 90 106 14 131
in database
Aircraft 78 83 2 23
Ship 98 107 8 24

Z M. Dornheim and D. Hughes “U.S. Intensifies Efforts to Meet Missile Threat.” Aviation Week and Space
Technology. October 16, 1995. Pg. 39 and June 6, 1994. Pg. 44.
2 Defense Systems Management College Chart -- Defense Systems Acquisition Management Process. May 92 and 97.
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Munitions
Missile
Space
Electronic
Vehicle
Helicopter
Other

Table 1

87 121 26 8
92 105 13 25
97 109 8 6
97 121 21 29
76 95 14 9
96 131 46 5
58 68 11 2

-2: Months from Program Initiation to First Operational Delivery of M ajor

Defense Acquisition Programs.?

Number of Projects

Figure

70

60

50

- e
-12 0 12 24 36 48 60 72 84 96 108 120 132

-6 6 18 30 42 54 66 78 90 102 114 126

Total Program Slip (Months)

1-8: Distribution of Schedule Slip for 131 Major Defense

Acquisition Programs (mean schedule slip: 13.8 months).*

B Datafrom JM.. Jarvaise, J.A. Drezner, and D.M. Norton. “The Defense System Cost Performance Database: Cost
Growth Analysis Using Selected Acquisition Reports.” Santa Monica CA: RAND. MR-625-OSD. Data current as
of December 1994.

2 Datafrom JM. Jarvaise, JA. Drezner, and D.M. Norton. The Defense System Cost Performance Database: Cost
Growth Analysis Using Selected Acquisition Reports.” Santa Monica CA: RAND. MR-625-OSD. Data current as
of December 1994.
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Figure 1-9: Average Project Slip by Date of Initial Operational Delivery
for Major Defense Acquisition Program.

The data show that development time, including the dlip in the schedule, averagesover 106
months for major defense systems. Recognition time, decision time, and the time from first
production item to delivery of enough systems for effective capability only add to these lengthy
periods. Thelast of these, the time from decision to proceed to initial operating capability, was the
primary focus of the Packard Commission which faulted the excessively long acquisition cycle,
and of their recommendations for reforming the acquisition system.

C. Impact of Long Development Times

Long development times impact the DoD in many ways. They impact our military capability
through systems, long in development, not being ready when needed. They impact our military
capability through systems not meeting the current need when fielded. They impact our military
capability through fielding of dated technology in our newest systems. They impact our ability to
quickly respond to new or emerging threats or to respond to known safety issues. Long
development times also result in increased cost to develop and sustain our weapon systems.
Examples of each type of impact of long devel opment times are provided in Appendix 2.
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C.1. Systems Not Ready When Needed

Desert Storm provided a unique opportunity to identify military needsin awartime
environment and determine the possible impact of equipment in the devel opment pipeline had it
been deployed more quickly. Seven systemsthat were long in development would have mitigated
critical needs during the early part of Desert Shield and Desert Storm. These systems were the C-
17 strategic and tactical heavylift cargo aircraft (started 1980), MILSTAR survivable satellite
communications (started 1981), LANTIRN Precision Targeting System (started 1979), Joint
Tactica Information Distribution System (started 1974), Global Positioning System (started 1973),
Advanced Medium Range Air-to-Air Missile (started 1978), Sensor-Fuzed Weapon wide-area anti-
tank capability (started 1983). Additional details are provided as to the program circumstances and
impact in Appendix 2.

Many other major defense systems had been under development for at least five years were
not available for use in Desert Shield or Desert Storm. Those included the Stingray Anti-Aircraft
Missile, the V-22 Osprey, the AGM-130 Powered Glide Bomb, the Mark XV Identification Friend
or Foe, the Army Brilliant Anti-Tank Weapon, the Advanced Apache Longbow and Hellfire
Missile System, the Comanche attack helicopter, the AWACS Block 30-35 upgrade program, the
F-22 air superiority fighter, and the B-2 strategic bomber. All these systems were started based on
an identified need. Many of these systems have still not reached operational status 7 years later.

A few systems were rushed through devel opment and made available to troops during the
six months prior to Desert Storm. The JointSTARS surveillance plane was pushed into service
and provided critical observations of Iragi troop movements. A bomb system, the Bunker Buster,
was developed and fielded in 29 days. Thisrapid action demonstrated that the acquisition system
can move quickly to meet the needs of warfighters when they are seen as essential. But such
efforts are the exception rather than the rule.

C.2. Systems Not Meeting Current Needs When Fielded

With the average development time for anew major defense system approaching 10 years,
the need for and requirements of any system in development may dramatically change. Many of
the systems now in the pipeline are based on the threat and political environment that existed before
the dissolution of the Soviet Union and the Gulf War. Of 26 current major development programs
in the Rand database due for completion between 1995 and 1999, only 6 were started following the
end of the Cold War. Twelve began during the early 1980s, when the US faced aradically
different environment. One result isthat systems often do not adequately meet warfighters' current
needs when fielded.
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C.3. New Systems Fielded with Dated Technology

In the time now required to develop and field a new military system, technology isno
longer state of the art, and in some cases it is obsolete and out of production. Thirteen years ago,
the Packard Commission stated that long development cycles “lead to obsolete technology in our
fielded equipment. Weforfeit our five-year technological lead by the time it takes us to get our
systems from the |aboratory into the field.” This problem is severely exacerbated by the rapid rate
of advance in electronics. Technologies are usually selected and “frozen” early in full-scale
development, significantly undermining programs based on fast-moving electronic and computing
technologies. These effects can be seen in programs such as the F-22, Joint STARS, and AWACS
Radar System Improvement Programs (RSIP), all of which are heavily dependent on computer
processing. Current processors available operate significantly faster. Asapoint of reference of
today’ s technology used in home computers, the current Pentium 11 processor, operating at
300MHz, can execute the equivaent of 627 million instructions per second (MIPS).* Current
processor speeds available on these systems range from 8 to 56 MIPS. The specific program
details are contained in Appendix 2.

% President’ s Blue Ribbon Commission on Defense Management. “A Formulafor Action: A Report to the President
on Defense Acquisition” (The Packard Commission Report) Washington D.C. April 1986.
% Based on analysis of processor performance from Intel Corporation processor facts sheets from their web pages.
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Dated Technology In Newly Fielded Systems

1985 1990 1995 2000 2005

A A.I A_ A Fielded Processor Technology
386 486 Pentium Pentium Il ??7?7? Proc Age at IOC Age at I0C
Yrs
6 MIPS 25 MIPS_100 MIPS __ 627 MIPS 277272 mps — (rs] — (s)
33-50 6 8
' « Org processor end of production 94
; « Processor replaced while in dev.
Mod RISC R3000 Mod RISC R4 « Additional$26 M Dev cost + delay
(10-13 MIPS)*cisc Eq (33-50 MIP « Proc specially modified for speed
= * Processor end of production 1998
f PrOdUCtlon « Currently operates at 95% capacity
« Upgrade desired but not planned ($)
Joint STARS 56 6 7
{
* Uses 5 computers
5 DEC 6600 + Computer end of production 1997
(56 MIPS) « Currently operates at 90% capacity
= « Computer upgrade project started 96
r 4 Production « Included in A/C delivered after 8/2000
F-22 8-10 15 17
' *~30 proc per plane - 10 for EW sys
i960 MX 25 MHz * Processor end of production 1998.
(8-10 MIPS) * Not inchutied in first 5 prodt lots. -
* )

Figure 1-10: The Progression of Commercial Computer Processors vs.
Processors Fielded in AWACS RSIP, Joint STARS and F-22 Aircraft .%

Computer processors are not the only area of technology that israpidly changing. Other
areas include digital signal processors, memory, Sensors, communication systems, autonomous
control, and navigation technologies. The rapid advances within the commercial electronics area
are driving many of these technology advances. Military aircraft, ships, and space systemsrely
heavily on such electronic systems to provide communication and control.

C.4. Slow Responseto New or Emerging Threats

Emerging threats based on new technology or a unique combination of existing
technologies can pose a significant challenge to U.S. forces, and |eave them exposed. Closing the
performance gap and quickly developing counter-systems is an important aspect of maintaining
technologically superiority.

%" Source: F-22, AWACS, and JointSTARS Program Offices.
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One example of the US failure to pursue this strategy has been the devel opment of the Aim-
9X—the US counter-system to the Soviet Archer AA-11 off-boresight air-to-air missile that the
Soviets deployed in 1985. Off-boresight missiles can attack aircraft at awider angle then standard
air-to-air missiles, allowing aircraft equipped with them to fire on opponents at greater angles from
the nose of the aircraft and significantly increasing their chances of killing the opponent before
being shot down. The Isragli’s developed and fielded a similar missile, the Python, in 1993. The
AIM-9X is expected to reach operational capability in 2002 -- 17 years after the threat was
identified. Currently, no U.S. fighter has any off-boresight missile capability.

C.5. Slow Response to Known Safety Problems

The current development process is also often slow to respond to identified safety
requirements. Two high-visibility programs that exemplified this Slow response are the integration
of Traffic Collision and Avoidance Systems and Global Positioning System receivers on military
aircraft. Thelong timeto field these systems contributed to anumber of avoidable aircraft
accidents. The lack of GPS equipment contributed to the crash of a T-43 (Boeing 737) in Bosnia
carrying U.S. business leaders on a trade mission and the crash of a C-130 Presidential support
plane. Thelack of the Traffic Collision and Avoidance system on military transports contributed to
the collision of aU.S. Air Force C-141 and a German C-130 off the coast of Africain 1997. (See
appendix 2 for further deatails)

C.6. Effects of Development Time on Cost

Long development times also impact the cost of the systemsthat we buy. It leads to higher
development cost and less money being spent on producing the products. Conventional wisdom
indicates that the longer the development time, the more a project will cost. The Packard
Commission concurred, stating that “time is money, and experience argues that a ten-year
acquisition cycleis clearly more expensive than afive-year cycle”? Thereis significant evidence
of this effect in commercial development efforts.>® Unfortunately, no data estimating the cost of
different devel opment schedules are available for specific military projects. The cost models now
used by DoD and the services do not account for the effects of time.

Data on mgor defense acquisition projects available from RAND show a positive
correlation between development time and cost. Of the ACAT | programs, those that take less than

% President’ s Blue Ribbon Commission on Defense Management. “A Formulafor Action: A Report to the President
on Defense Acquisition” (The Packard Commission Report) Washington D.C. April 1986. Pg. 8.



46 Reducing DoD Product Development Time: The Role of the Schedule Devel opment Process

7 years to complete have an average development cost of $1.2 billion. Projects that take between 7
and 14 years have an average cost of $1.8 billion. Those taking over 14 years average $3.6 billion
in development cost.®

» See discussion in Chapter 2.
% For the 123 projectsin the RAND database with the necessary information, the Pearson correlation coefficient
between the length of project schedules and cost of development is positive 0.25, with a two-tailed significance level

of 0.005. Thisindicatesthat though thereis considerable scatter in the data, longer programs on average do cost
more.
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Figure 1-11: Cost by Yearsin Development for Major Defense Acquisition
Programs (Data from Rand SAR Database).

Similarly, cost and schedule data on 154 projects of all sizesincluded in the surveys
conducted as part of this research effort indicate that the correlation between devel opment time and
cost is both positive and statistically significant.®

More Funds Towards Development — L ess Towards Production

Not only do longer programs cost more to develop but alarger percentage of the total
project cost is consumed during development. Datafrom the RAND SAR database indicate that
projects requiring less than 14 years of development time saw 27 percent of their cost go to
development and 73 percent go to production. Projects with development times over 14 years had
46 percent of their cost go to development and 54 percent go to production. The high percentage
applied towards devel oping the system resultsin less funds to actually produce the systemsfor the
warfighter in quantity.

%! Please see Appendix 2 for additional details.
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Figure 1-12: Percentage of Program Cost Going to Development and Production,
by Development Time.*

As development programs have lengthened over the years, so has the percentage of DoD
funding going to research, development, test, and evaluation (RDT&E). RDT&E funding for
1997 was $32 hillion, representing 42 percent of total DoD investment funding (RDT&E plus
production). Thisisthe highest percentage ever. The rising percentage spent on RDT& E means
that a smaller percentage is available for producing new systems or enhancing the operations,
training, and readiness of existing forces. While both RDT& E and production funds have been cut
significantly in the last 10 years, the RDT& E accounts have sustained smaller decreases. This has
resulted in fewer new systems being fielded and made available for the warfighter.

C.7. Increased Program Instability and Cancellations

Increased Program Instability

Not only are long development times associated with higher costs, but the costs are less
certain. Analysis of the Rand SAR database indicates that longer programstypically have larger
percentages of cost growth than shorter programs. Programs taking less than 7 years to reach first
operational delivery overrun their initial planned devel opment budgets on average 15%. Programs

%2 Source of data: RAND SAR Database.
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taking longer than 14 years on average overrun their development budgets by 42%.% Thisleadsto
additional program instability affecting these and other programs.

Average
Cost
Growth
Factor

<7 Years 7-13 Years >14 Years
Time to First Operational Delivery

Figure 1-13: Average Program Development Cost Growth by Development Time.
Analysis Based on Data From the RAND SAR Database.

Increased Program Cancellations

Long development times also appear to increase the probability that a program will be
canceled before entering production. All efforts to obtain information on canceled programs from
the Pentagon were unsuccessful. The only data found comes from the book Augustine’s Laws
According to Norm Augustine' sanalysis of 114 canceled programs, each program stands about a
4.4% chance per year of being canceled. Effortsto obtain the names and data on the canceled
programs were unsuccessful. However, in alater article he cites representative examples of
canceled programs including four canceled Army air defense systems:. Mauler, Roland, Sgt Y ork,
and ADATS, none of which were fielded. These systems cost $6.7 billion in development costs
and produced no combat capability.*

3 JM. Jarvaise, JA. Drezner, and D.M. Norton. “The Defense System Cost Performance Database: Cost Growth
Analysis Using Selected Acquisition Reports.” MR-625-OSD Santa Monica CA: The RAND Corporation. 1996.

3 Augustine, Norman. “From Industry...Acquisition Reform: Dream or Mirage.” Army RD&A Magazine
September-October 1996. Pg. 20-22.
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Figure 1-14: Cumulative Probability of Cancellation of Defense Programs Over
Time.®

Norm Augustine indicates the cost of these canceled programsin terms of lost military
capability. He states the funds expended on the canceled programs “ could have purchased 1,000
Abrams tanks, 100 F-16 Fighters, 1,000 AMRAAM Missiles, 10 Titan IV Rockets, 20 JSTARS,
10,000 Javelin Missiles, 70,000 MLRS Rockets, and One Nuclear Attack Submarine.”®

Increased Management Turnover

One potential reason for the increased program instability and increased cancellationsisthe
difficulty maintaining a consensus among alarge number of program and service leaders over time.
As shown in the table below, the average program taking 11 years to go from program initiation to
initial operational capability has experienced a significant amount of management turnover.

® Augustine, Norman R. Augustine’sLaws. American Institute of Aeronautics and Astronautics. Washington

DC. 1983.

% Augustine, Norman. “From Industry...Acquisition Reform: Dream or Mirage.” Army RD&A Magazine
September-October 1996. Pg. 20-22.
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Number of: (132 Months Avg ACAT I)*

Program Director

Program Executive Officer

Service Acquisition Executive
Defense Acquisition Executive
Chairman of the Joint Chiefs of Staff
Secretary of Defense

President

Budget Cycles

RW 01 b~

1

Table 1-3: Management Turnover for the Average Development Time for a Major
Defense Acquisition Program.¥

C.8. Increased Sustainment Costs

Long development times a so contribute to increased cost of operations and sustainment.
They increase the time required to replace systems that have high operating costs. One exampleis
the DD-21 destroyer that is expected to lower the operating cost of a Navy destroyer by 70%
compared to today’ s destroyers. Long development times increase the time to replace hard-to-
maintain systems such as the current F-15 radar which has 12 hour Mean time between
maintenance action. The upgraded radar systems under development are expected to have 120
hour mean time between maintenance action.®

Long development times also increased the impact of diminishing manufacturing base parts;
and with long devel opment times, the problems occur earlier in a system'’slife. One exampleisthe
F-22 which is approaching its production decision and currently has 593 parts which are already
out of production. Replacing these partsin the design is expected to cost $279M .*

Anotherway that long devel opment times impact sustainment of systemsis that once a new
program is started, it typically freezes upgradesto the existing systems. Thisisdonein part to
ensure a significant difference between the new system and the old system to justify the new
system. Upgrades and modifications to existing systems must compete for the same scarce
resources with new programs. Many examples exist, including fighter aircraft, satellite
communications, bombs and missiles. Prior to the delivery of the new systems or in the event the
new system is canceled, the warfighter isleft with less-then-optimal equipment.

5" Developed by looking at management turnover in key offices for the last 11 years.
3 |nformation obtained from the F-15 Program Office in March 98.
% Information obtained from the F-22 Program Office in March 1998.
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C.9. Other Impacts of Long Development Time

There are many other potential impacts of long development time. Sampleswill be
mentioned but not covered in detail. Further analysisis contained in the Appendix 2 or left for
subsequent work.

Increased requirements and specification due to uncertain threat forecasts
Increased technology step sizes

Increased number of programs in development at once

Increased competition for resources

Decreased management attention per project

D. Effortsto Shorten Development Times

While there has been aflurry of acquisition reform activity in recent years, little of this
effort has been aimed primarily at reducing development time. The primary aim of the current
acquisition reform efforts has been focused on lowering costs. Acquisition reform initiatives that
focus primarily on cost include cost as an independent variable (CAIV), elimination of military
specifications and standards, single-process initiative (SPI), performance-based specifications,
clear accountability in design, and the manufacturing development initiative. These initiatives may
also affect development time, though indirectly. A few efforts have aimed at shortening acquisition
schedules, including the Packard Commission and the Affordable Acquisition Approach Study.
These efforts are outlined below.

D.1. Previous Efforts

Many reports, teams, and commissions have, in one way or another, attempted to address
the DoD development problem. Most have focused on long production schedules and high costs.
Many have focused on the inability to meet projected schedules. Those efforts include the
influential Packard Commission and the current National Performance Review. But athough
reform efforts have focused on long devel opment times since the late 1970s, none appear to have
had significant effect.
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Affordable Acquisition Approach Study

The Air Force Systems Command Affordable Acquisition Approach completed in 1983
focused on two questions. “ Are projects taking longer? and what can be done about it?’. The
study found that devel opment times had increased significantly over the previous 30 years. The
study also found that the major cause of lengthening development and production times was the
over commitment of resources within the Air Force budget.® The emphasis on development time
decreased as the study progressed and is evident in the change of the project’ s name from its
origina name asthe Accelerated Acquisition Approach Study to the Affordable Acquisition
Approach Study. One notable participant was the contract leader, Dr. Jacques Gander, the current
Defense Acquisition Executive. Few identifiable actions resulted from the study.

The Packard Commission
The 1986 Packard Commission looked at the entire defense acquisition process, citing long

development times as the central problem from which most other acquisition problems originate.
The Packard Commission’s stark assessment identified problems at all levels, from program
managersto Congress. It's major recommendations were to cut acquisition time in half by
emulating successful commercial firms with world-class customers. Inits Formula for Action, the
Packard Commission stated:

Acquisition problems have been with us for several decades, and are becoming
more intractable with the growing adversarial relationship between government and the
defense industry, and the increasing tendency of Congress to legislate management
solutions. In frustration, many have come to accept the ten-to-fifteen years acquisition
cycle asnormal, or even inevitable.

We believe that it is possible to cut this cyclein half. Thiswill require radical
reform of the acquisition organization and procedures. It will require concerted action by
the Executive Branch and Congress, and full support of the defense industry. Specificaly,
we recommend that the administration and the Congress join forces to implement the
following changesin the defense acquisition system.*

To achieve this goal, the commission recommended streamlining acquisition organizations
and procedures, using technology to reduce costs, balancing performance with costs, stabilizing
programs, expanding the use of commercia products, increasing competition, and raising the
quality of acquisitions personnel. The commission further aimed to consolidate acquisition efforts
under the Office of the Secretary of Defense (OSD), create acquisition executives at the assistant

0 Air Force Systems Command. “Affordable Acquisition Approach.” Andrews AFB MD. 1983.
“ President’ s Blue Ribbon Commission on Defense Management. “A Formulafor Action: A Report to the President
on Defense Acquisition” (The Packard Commission Report) Washington D.C. April 1986. Pg. 15.
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secretary level for each service, and rely on executive officers to oversee major projects within the
services. The commission also established rigid objectives for cost, schedule, and performance for
all mgjor programs, and advocated standards and training programs. President Reagan quickly
accepted the commission’ s recommendations, and Congress, which had been eager for acquisition
reform, quickly turned them into law.

With the bold charge to cut acquisition time in half, strong support from the president and
Congress, and quick response by DoD, one would have expected dramatic results. However,
although DoD implemented the commission’s recommendations, it did not widely internalize the
goal of dashing development time. Few of the people | interviewed realized that reducing
development time was even a significant objective of the Packard Commission. The current focus
of acquisition reform effortsis clearly on cutting costs, not reducing development time. Only a
few of the hundred or so current reform initiatives are aimed at reducing development schedul es.

D.2. Recent Effortsto Shorten Product Cycle Time

Nevertheless, three recent efforts directly address product development time: Air Force
Acquisition Reform Initiative (“Lightning Bolt #10”), the DoD Advanced Concept Technology
Demonstrations (ACTDs), and the Lean Aerospace Initiative, a consortium involving industry,
government, and academia of which thisresearch isa part. Two new initiatives, the Defense
Systems Affordability Council Acquisition Cycle Time Reduction Task Force, and the Air Force
Cycle Time Reduction Tiger Team, are focused directly on reducing devel opment time.

AF Lightning Bolt Initiative #10

Just after his confirmation in 1996 as Assistant Secretary for Acquisition, Arthur Money
began a new initiative to cut the time to develop and field new Air Force systemsin half. The
description of Lightning Bolt #10 in March 1996 read:

Lightning Bolt #10. Thetimefrom initial effort by a buying office to satisfy a user's
validated requirements (for a new product, services, parts, etc.) until delivery will be
reduced by 50% *

However, the project’ s scope was soon narrowed from cutting the time from receipt of
requirements and allocated funds to contract award in half. The acquisition community therefore

“2 Air Force Acquisition Reform Online newsletter March/April 1996.
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limited the complicating factors and focused only on those parts under its control.*® The objective
of the initiative was changed to read:

Reduce by 50% the amount of time to award contracts that meet our customers' needs.
Thistime begins with receipt of avalidated user requirement and funding commitment, and
ends with contract award. Lightning Bolt #10 apBI iesto effortsto develop and acquire
systems, and support their operational readiness.

The Lightning Bolt #10 group conducted interviews with program managers and
documented a set of best practices and new ideas to reduce time to contract award. The Lightning
Bolt #10 group disbanded after issuing its report and placing its “tool box” of ideas on the Internet.

Advanced Concept Technology Demonstrations (ACTDs)

Advanced Concept Technology Demonstrations, an initiative of the Office of the Secretary
of Defense (OSD), are designed to reveal the utility of readily available technologies for meeting
pressing military needs. Theideaisto allow the warfighting community to evaluate a technology’s
military utility before committing to amajor development effort. The OSD expects these
demonstration programsto last between 2 and 4 years.

Paul Kaminski, former Under Secretary of Defense for Acquisition and Technology,
envisioned the program as away to compress the time required to develop and field weapon
systems and to stimulate innovations needed to implement a revolution in military affairs.”

ACTDs are expected to reduce cycle time by allowing an acquisition process to begin at
Milestone |I—the beginning of full-scale development. Former Under Secretary Kaminski also
points out that because they are not part of the official acquisition process, ACTD projects can
incorporate considerably more flexibility in their contracts asthey do not fall within the formal
rules of an acquisition program and are often able to use a different procurement category. After
completing an ACTD, the warfighting commanders can recommend proceeding to low-rate initial
production, pursue additional demonstration to improve the technology’ s performance, or drop the
technology.

“3 Personal discussion with Col Ben McCarter. Lightning Bolt 10 Leader. 13 June 1996.

“ Air Force Acquisition Reform Online newsletter June/July 1996.

* Kaminski, Dr. Paul G. “Advanced Concept Technology Demonstrations: Challenges and Opportunities.” Keynote
Address, ACTD Managers Conference, DSMC, Fort Belvoir, VA, Sept 10, 1996.
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DoD now provides afinancial incentive for services to conduct ACTDs by adding 10
percent to what a service commits, athough the number of ACTDsis limited by total DoD funding.
Asof 1997, some 15 small devel opment efforts are operating under the ACTD model--a small but
visible effort. However, this approach isintended to circumvent the official development process,
not change the process used to develop most systems and projects.

The Lean Aerospace Initiative (LAI)

The Lean Aerospace Initiative, a consortium encompassing industry, government, labor,
and academia, is led by the Massachusetts I nstitute of Technology, where 17 professors, 9 full-
time research staff, and over 20 graduate student research assistants work under the LAI purview.
The program is intended to reduce cost, development, and production time for military products by
half by infusing commercial lean practices throughout the defense aerospace industry. Participants
are conducting research in all phases of the development and manufacturing process, including
factory operations, supplier relations, and government policy.

This approach contrasts with most efforts to reduce development time, which often focus
only on certain aspects. The figure below maps the cycle time-related initiatives against the phases
of the development effort that they effect.
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Figure 1-15: Mapping of Current Cycle Time Reduction Efforts

D.3. New Cycle Time Initiatives

In the late fall of 1997, two new programs, one at the DoD level and one at the Air Force
level, wereinitiated to help address long development time. DoD’s Acquisition Cycle Time
Reduction Task Force amsto cut the period from project initiation to initial operational capability
for mgjor systemsin half. The Air Force Cycle Time Reduction Team aimsto dramatically cut the
time to develop and field new and modified systems. This research has shaped a significant
portion of these efforts.*®

“6 Note: The author isthe Air Force Representative on the DoD Cycle Time Reduction Task Force and the Co- leader of
the Air Force Cycle Time Reduction Team.
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Chapter Summary

The Packard Commission identified long cycle time as the central problem in the acquisition
process. Development times for military systems have increased significantly over the last 30
years. Current development times for major defense acquisition programsis approaching 115
months. Time from program initiation to initial operating capability (when the system is ready for
use) iseven longer. Thetime required to develop or modify major military systemsis now
approaching 11 years. Long development cycles affect warfighters as systemslong in
development are not available for use, the technology included in these systems when fielded is
dated, the time to meet new threatsislong, and the time to fix identified problemsislong. Long
development times also impact the cost of developing and maintaining weapon systems. Long
development times al so cause program uncertainty as costs are less certain, more programs are
canceled, and leadership changes as do leadership priorities.

While severa studies have attempted to identify the causes of long cycle times, they have
had little effect, as development times have continued to grow. Part of the problem isthat most of
the reform initiatives focus solely on cutting the cost of weapons. Few of the current initiatives
focus on reducing development or acquisition response times. What's more, two of the three
initiatives to reduce devel opment time address only part of the problem. Clearly much needsto be
doneif the time required to develop new military systemsisto be significantly reduced.



Chapter 2

Commercial Effortsto Reduce Product
Development Time

A.“An Acquisition M odel to Emulate”

Commercial companies and practices are often held up asamode for the DoD acquisition
system. The Packard Commission, for example, referred specificaly to an analysis by the Defense
Science Board of large commercia development programs. The board evaluated several multi-year,
multi-billion-dollar programs comparable to the complex efforts required to develop major military
systems. The commercia projects included the IBM 360 personal computer, the Boeing 767
transport, the AT& T telephone switch, and the Hughes communications satellite. The Defense
Science Board study found that these projects were completed in half the time required for similar
DoD development efforts, and cost concomitantly less.*” The Packard Commission noted that
“These commercial programs clearly represent the models of excellence we are seeking . ..” The
commission aso cited severa defense projects, such as the Polaris and Minuteman missiles, that had
achieved the accelerated schedules of commercia programs. Based on these results, the commission
concluded that it was possible to apply commercial lessons to the Department of Defense. The
commission stated:

Itis clear that major saving are possible in the development of weapons systems if DoD

broadly emulates the acquisition procedures used in outstanding commercia programs. In a
few programs, DoD has demonstrated that this can be done. The challengeisto extend the

4" President’ s Blue Ribbon Commission on Defense Management. “A Quest For Excellence; A Report to the President
on Defense Acquisition” (The Packard Commission Report) Washington D.C. April 1986. Pg. 11.
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correct management techniques to all major defense acquisitions, and more widely realize
the attendant benefitsin schedule and costs.®

The commission identified six management features necessary to cut cycle time and cost:
clear command channels, program stability, limited reporting requirements, small but high-quality
staffs, good communication with end users, and effective prototyping and testing. The
Commission made specific recommendations in these areas, which were implemented. But, aswe
have seen, development times for military systems have not decreased, indicating either a problem
with implementing the recommendations or other critical factors associated with commercia
projects not addressed by the Packard Commission. Dramatic changes have occurred in the
commercia product development world since the Defense Science Board and Packard Commission
issued their reports. More efficient and effective development time has become the competitive
focus of many of the most successful firms.

B. Competing on Product Development Time

In the last 15 years, the time required to devel op and market commercial products has been
dramatically reduced. Firms are competing not only on price but aso on their ability to quickly
produce high-quality products that meet the changing needs of their customers.

Commercia firms have found that by reducing time to market, they can aso lower costs.
This has alowed companies to expand the number of new productsthey develop. Theresultisa
wider array of products that cost less than their predecessors.

Companies with fast product development abilities have a number of options open to them.
They can deliver a product to market before their competitors, thereby capturing market share and
setting industry standards. Alternatively, they can choose to start a project after a competitor but
deliver it to market at the same time--with more cutting-edge technology or specific attributes that
meet customers needs. Fast product devel opment times also allow a company to quickly respond
to anew product introduced by a competitor. The ability to develop and manufacture products
quickly allows a company to select from anumber of competitive strategies not available to
companies with significantly longer development times.

A number of books have recently appeared on the subject of reducing product development
time. Two of the more popular are Revolutionizing Product Development, by Kim Clark, and
New Product and Process Development, by Steven Wheelwright. Others include Devel oping

“8 President’ s Blue Ribbon Commission on Defense Management. A Quest For Excellence: A Report to the President
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Products in Half the Time, Lightning Strategies for Innovation, Competitiveness Through Total
Cycle Time, Fast Cycle Time, and Survival of the Fittest: New Product Development for the 90s.
All these books focus on reducing cycle time as a critical method for improving commercial
performance.

Competing on time to market is not limited only to consumer products, some companiesin
the defense industry also rely on this approach. Firmsinvolved in communications, satellites,
computers, and aircraft, for example, have al cut product development times.

Of all these, the automobile industry’ s efforts to reduce product devel opment times are the
most thoroughly documented. Major research on the automobile industry, such asthe MIT
International Motor Vehicle Program and the Harvard Automobile Study, has revealed detailed
information on how these efforts have succeeded.

C. Reducing Product Development Time in the Automobile Industry

In the late 1980s, Japanese automobile companies maintained a substantial lead over
American and European companies in product devel opment and manufacturing. The Japanese
were able to develop and produce higher-quality cars, with more newly designed parts, in
significantly less time, with significantly fewer people, at significantly lower cost, than their U.S.
competitors. These advantages alowed the Japanese to offer significantly more new models and
model upgrades each year, and to rapidly include new features and technologies demanded by
customers. This, in turn, enabled them to dramatically increase their market share at the expense of
their U.S. competitors, who struggled for their very survival. Table 2-1 provides aview of the
product development performance of Japanese and American automobile manufacturersin the mid-
1980s. The table shows that the Japanese devel oped new models using only 68 percent of the time
required by U.S. companies. This allowed the Japanese to start anew development project one
and a haf years|ater than an average American company yet bring it to market at the same time.

Japanese companies developed equivaent, if not superior, cars with roughly one-third the
engineering hours and used only 485 engineers per project compared with 903 at U.S. firms--
figuresthat account for the majority of development costs. Ratings by services such as JD Powers
and Associates attested to the significantly higher quality of the Japanese vehicles. Japanese
companies also found not only that they could undertake more development efforts with a given
level of resources, but that they maintained more control over their development efforts. The result

on Defense Acquisition (The Packard Commission Report) Washington D.C. April 1986. Page 12.
“9 For full bibliography information, please see the reference section in Appendix 5.
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was significantly fewer delayed products (onein six) than their American counterparts (onein
two).
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Automobile Producers Japan U.S.
Average Development Time (Months) 42.6 62.0
Average Engineering Time (Millions of Hours) 1.2 35
Total Product Quality (Rating) 58 41
Number of Employeesin Project Team 485 903
Number of Body Types per New Car 2.3 1.7
Average Ratio of Shared Parts 18% 38%
Supplier Share Engineering 51% 14%
Engineering Change Costs (As Shareof Total DieCost)  10-20% 30-50%
Ratio of Delayed Products 1in6 1lin2
Return to Normal Quality After New Model (Months) 14 11

Table 2-1: Product Development Performance of U.S. and Japanese Auto
Industries

(Mid-1980s)®

When analyzing the performance of Japanese and American companies, for example, Kim
Clark and Takahiro Fujimoto™ found that the Japanese were not “buying” lead time by using
additional resources, as had been expected.” Instead, they found a positive correlation between
speed and efficiency: faster firms were more efficient and ower firms were less efficient.*® This
result may have been partly dueto the ability to use the design-build-test cycle to quickly identify
and eliminate problems. Clark and Fujimoto noted:

Time-To-Market is such acritical dimension of performance in the outstanding project, that
all of the processes, systems, and activities are geared to fast action. Thisis particularly
true for the critical design-build-test cyclesthat are at the heart of problem solving in
development . . >

Japanese automakers used their product development ability to increase the number of
models they offered from 47 in 1982 to 84 in 1990. American automobile manufacturers, in

%0 Composite data from Product Development Performance and Womack, Jones, and Roos. The Machine that Changed
the World: The Story of Lean Production. New Y ork: Harper Perennial. 1990. Pg. 118.

5t Kim Clark and Takahiro Fujimoto. Product Development Performance: Strategy, Organization and Management in
the World Auto Industry. Boston MA: Harvard Business School Press. 1991.

*2 The idea of buying leadtime was widespread in DoD programs and is called “crashing a program” by applying
additional resources to shorten the schedule.

% Kim Clark and Takahiro Fujimoto. Product Development Performance: Strategy, Organization and Management in
the World Auto Industry. Boston MA: Harvard Business School Press. 1991.. Pg. 87.

% Kim Clark and Takahiro Fujimoto. Product Development Performance: Strategy, Organization and Management in
the World Auto Industry. Boston MA: Harvard Business School Press. 1991. Pg. 304.
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contrast, increased their offerings from 36 in 1982 to 53 modelsin 1990. During this same period,
the Japanese were replacing their models on average every 4 years, while the American
manufacturers were replacing their models on average every 10 years.

By updating their models more quickly, the Japanese were able to adapt and market new
technologies faster than U.S. companies. They aso could quickly incorporate new and cheaper
manufacturing processes, and build on lessons from the previous generation. Japanese product
development performance allowed them to enter market areasin force, such as the luxury car
market, with new lines such asthe Lexus and Infinity, that compete effectively with established
brands in this profitable sector.

The Japanese focus on reducing devel opment time played a central rolein this success.

Clark and Fujimoto indicated the impact of afocused effort on cutting development cycletime:
Faster Development Time -- A Unifying Driver. Just as engineers need avision of the
overall product to guide their effortsin developing anew car, the peopleinvolved in
changing the devel opment organization need avision, an objective that captures their
imagination. Where changes have taken hold and worked, senior managers have linked the
need for anew organization to competition and the drive for tangible resultsin the market
place. The quest for faster development |ead-time has been a particularly powerful driver
of this effort during the 1980s. Lead-timeisnot an end initself, but its pursuit leads
people to do things that improve the system overal. Inrespect, lead timeislike inventory
in a Just-In-Time manufacturing system; of itself, alow level of work in progress
inventory has some effect, but going after the root causes of excess inventory brings about
powerful system changes.®

Finding themselves at a severe competitive disadvantage, U.S. automakers responded
quickly to the crisisin the early 1990s and significantly reduced their product development times,
which are now less than two years for anew car. The variety of U.S. vehicles has dramatically
increased, and quality has never been higher. Cars are lasting longer, and their costs are actually
declining.

D. Reducing Product Development Timein Other Industries

Automobiles are not the only industry to significantly reduce its product development time;
that focus is spreading to nearly every sector. The driving forces behind this phenomenon are
intense international competition, fragmented and demanding markets, and diverse and rapidly

% Clark, Kim and Takahiro Fujimoto. Product Development Performance: Strategy, Organization and Management in
the World Auto Industry. Boston MA: Harvard Business School Press. 1991. Pg. 282.
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changing technologies.® The result of this competition has been an explosion in product variety,
dramatic increases in quality, and large decreases in costs over awide range of industries, from
textiles to consumer electronics. These developments have also affected commercia sectors related
to the defense industry, such asthe commercial aircraft, satellite, computer, and communications
industries.

The commercia aircraft industry is seeing significant competition in several categories,
from business jets, to regional jets, to widebody jets, in part because of decreasesin product
development times. Boeing produced the 777 in five years during the 1990s. Boeing has now set
an aggressive goal to reduce development time for future aircraft to two and a half years for new
aircraft and 18 months for modifications to existing aircraft.>” Such afocus gives all groups within
the firm aclear and effective measure of performance.

The commercial communication satellite industry has also seen alarge reduction in cycle
times. Hughes Aircraft Co. states that it can develop and launch a new satellite that responds to a
specific customer's needs in aslittle as 18 months. Previous development times exceeded five
years.® Similarly, computer companies have cut product development cyclesto less than six
months to keep up with rapidly changing technology.

% Kim Clark and Steven Wheelwright. Revolutionizing Development: Quantum L eaps in Speed, Efficiency, and
Quality. New York: The Free Press. 1992..

5" Walt Gillette, Boeing Commercial Aircraft Company. MIT Seminar. Fall 1997.

%8 Hughes Spacecraft. Effort known as “Project 18,” representing 18 months from contract to on-orbit operations.
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Industry Old Time Current Goal
Automobile 7 years 2 years <18 months
New Commercial Aircraft 8-10 years 5years 2 1/2
years

Commer cial Spacecr aft 8 years 18 months 12 months
Consumer Electronics 2 years 6 months

Table 2-2: Various Industry Product Development Times and Goals.

Of course, the purposes of military systems and commercia systemsdiffer. The
motivations of commercial firms--profits and market share--differ from that of the DaD of
providing the most effective defense. However, the means to achieve those objectives are similar:
to develop and field the highest-quality, lowest-cost systems that meet customers’ needs. The fast
commercia time-to-market competitor can charge a price premium for anew product with higher
quality or additional features until acompetitor matches the offer. Alternatively, manufacturers can
decide to increase market share by offering better performance for the same price. The slow
competitor does not have these options. The sameistruefor DoD: if it can deliver a better system
with more advanced technology that meets warfighters' needs faster than an opponent can field a
counter system, the U.S. can achieve a significant military advantage. Thisfact was not lost on
Under Secretary Kaminski, who told a Senate subcommittee: “ The military advantage goes to the
nation who has the best cycle time to capture technologies that are commercialy available;
incorporate them in weapon systems; and get them fielded first.”*

Thisview is shared by at least some defense industry leaders such as G. Dean Clubb, head
of Texas Instruments’ Defense and Electronics Group, who wrote: “As the pace of the world
quickens, the value of being first to market with innovative solutions is the key to true competitive
advantage. Thisistrueinthe commercial market place and it isaso true in the military market.”®

%9 “Statement of The Under Secretary of Defense for Acquisition and Technology, Paul G. Kaminski before the
Subcommittee on Defense Technology,” Acquisition and Industrial Base of the Senate Committee on Armed
Services on Dual Use Technology. May 17, 1995.

% G. Dean Clubb, “Blinding Speed Equals Competitive Advantage.” Acquisition Review Quarterly. Fall 1996.
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Chapter Summary

The commercia industry has been often cited as an example for DoD to emulate. The
commercia industry has made great strides in reducing development times. They have done this
for competitive reasons and the requirement to quickly meet their customers  changing needs with
high quality and low-cost products. The focus on the reduction of development timeis seen asan
organizing focus from which to organize development efforts. They have found that by focusing
on the reduction of development time, they force dramatic improvementsin their business
processes. This hasresulted in higher-quality products, at lower cot, in dramatically lesstime.
Reductions in development times are often between 50% and 75% in many industries, even in
industries closely related to the defense industry.






Chapter 3

The Air Force Product Development Process

This chapter provides an overview of the various organizations, stages, and processes

involved in the current Air Force product development process. It isintended to provide an
understanding of the actors and their rolesin the process of developing a procurement schedule,
which isdescribed in later chapters. The description provided hereis quite general, and any
individual development project may follow a dightly different path.

The description is based on federal, DoD, and Air Force regulations and instructions,
published books on the defense acquisition process, material for acquisition training courses from
industry and specific companies, interviews and discussions with awide range of people, and
personal experience within the acquisition process. Appendix 3 contains references aswell as
additional details on each process.

A. CoreProduct Development Processes

Air Force product devel opment processes can be separated into six distinct stages:
identifying the need, developing the requirements, allocating resources, planning the acquisition,
contracting, developing the product and establishing the process to produce it.

Force planning determines which systems are needed. Requirements determine what the
new system must do to meet the need. Resource alocation determines the funding for the
development effort, given the range of activities and responsibilities of the services. Acquisition
planning entails determining how the system will be contracted and creating the plan to develop the
system. Contracting entails selecting the contractor to develop the product and specifiesthe

69



70 Reducing DoD Product Development Time: The Role of the Schedule Devel opment Process

contract conditions. Development turns the ideas, requirements, resources, and plansinto a
working system that can be produced.

Determine
Requirements

Identify
Need

Develop
Product and
Process

{ Acquisition

Allocate
Resour ces

Technological Opportunity First Initial
Emerging Threat Production Operational
Current Deficiency Item Capability

Changed Military Strategy
Figure 3-1: Major Stepsin the Air Force Product Development Process.

Identification of need begins when an operational deficiency, an emerging threat, a
technological opportunity, or a change in military strategy occurs. Influences at this stage include
the Pentagon’ s long-range planning, the major commands modernization planning process, and
priorities of the senior leadership. A “mission needs statement” specifically identifies the need,
which leads to a Milestone 0 decision authorizing further analysis and determination of system
requirements. To determine those requirements, the major commands provide an analysis and
obtain the Pentagon’ s approval. Theresult isan “operational requirements document” outlining
what a new system must do.

The major commands' resource planning process and the Pentagon’ s programming,
planning, and budgeting systems identify the dollars, equipment, and number of people authorized
for the project. The result isa program objective memorandum and a requested budget sent to
Congress. The program offices then develop an acquisition plan and obtain approval within the
Pentagon. Thisresultsin aMilestone | decision authorizing contracting and devel opment efforts.

A Program Office then produces a request for proposals (RFP) and selects the winning
proposal from those submitted by contractors. The result is a contract that describes the
specifications for the project and the terms under which the contractor will pursueit.

The contractor then designs both the system and the process used to produceit. The
program office oversees this process and the Pentagon oversees the Program Office. Completion
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of development is marked by delivery of thefirst production item. Each of these magjor areas will
be described in more detail later in the chapter.

The acquisition process typically proceeds through formal phases and milestones designed
to allow for periodic review. Need identification occursin the Pre-Milestone O phase. Setting
requirements, allocating resources, and performing early acquisition planning occur during Phase
0. The contracting and the development efforts occur during Phases| and 1. The development
effort istypically complete by Milestone 111 or the production decision that marks the beginning of
Phaselll. Milestone Il and Milestone |11 decisions are administrative-based decisions that do not
alwaystie directly to event-based milestones in the development process. Figure 3-2 below shows
the relationship between the process areas and the milestone phases.

An overall metric of this processis acquisition response time: the time from when the need
arises to the time when the system is fielded and ready for use. Development time isthe major
component of acquisition response time.

Understanding this complex process requires amore detailed ook at the organizations and
sub-processes involved.
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Figure 3-2: Major Stepsin the Air Force Product Development Process.

B. Organizations Involved in Development

The organizations primarily involved in devel oping defense systems are the users, the
service headquarters, the Program Offices, and the defense contractors. Each group playsa
different role during various stages, and still more organizations play secondary roles. Figure 3-3
shows the distribution of various sub-processes by the organizations primarily responsible for
them.

The users--the ultimate customers--do much of the planning and establishing of
requirements. The users are organized by different Air Force mission areasinto mgor commands
such as Air Combat Command (ACC), Air Mobility Command (AMC), and Air Force Space
Command (AFSPC); or by geographic area such as US Air Force Europe (USAFE) and Pacific
Air Forces (PACAF). A mgor command’ s mission isto organize, train, equip, and maintain
combat-ready forces for use by the Unified commands, such as US Central Command, which are
composed of units of all the services.
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Each of the mgjor command headquarters has planning offices that project future needs,
requirements officers who identify future requirements for systems, and programming offices that
project the budget for major command activities. (These roleswill be discussed in detail below.)
The officersin these positions are typically from the operational units within the major command.
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Product and Process
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Figure 3-3: Major Product Development Processes by Organization

The service headquarters and the Department of Defense together compose the Pentagon.
Each service headquarters is the approval authority for the planning, requirements generation, and
the acquisition plans. They also allocate resources and oversee the various devel opment efforts.
Each function is duplicated at the DoD level, with the Office of the Secretary of Defense and the
Joint Chiefs of Staff playing an integrating, authorizing, and oversight role. DoD typically
becomesinvolved at thislevel only with the largest defense acquisition programs and those with
joint service application.
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Many functional and cross-functional organizations fulfill the service headquarters' rolein
the development effort. Those organizations are divided between the secretariat and air staff. The
key organizations include the Deputy Chief of Staff for Plans and Programs, the Assistant
Secretary for Acquisition, the Assistant Secretary for Financial Management, and the Director for
Program Integration. Headquarters-level groups such as personnel, manpower, logistics, C4l,
and test also become involved through several organizations such as the Working and Overarching
Integrated Product Teams and the Requirements Review Councils. These organizations are the
primary interface with senior Air Force leaders, DoD, and external organizations such as Congress
and the administration.

The System Program Offices oversees planning and contracting for major weapon systems
or groups of similar weapons, and act as the primary interface with the contractor community.
Program Offices are supported by Development Centers and Logistics Centers, which provide the
necessary personnel. Each Program Office typically oversees many product devel opment efforts.

Before developing a new product, defense contractors must win the contract. This
involves severa organizations within the company: marketing, typically referred to as the business
development group; the proposal development team; and the integrated product team, which
developsthe actual product and processes. Financia management, engineering, and
manufacturing groups oversee the company’ s devel opment efforts.

Many other entities such as the testing community, the defense laboratories, and various
defense think tanks also influence a development project but play a secondary role. Higher-level
decision makers such as the administration and Congress are primarily involved in funding
decisions for mgor development efforts and typically not in the details.

C. ldentification of Needs

In the Air Force, the long-range planning group within headquarters Air Staff, the
modernization planning process through the major commands, and an ad hoc process based on
direction from senior leadership identify current and future needs. Needs based on current and
future threats, military strategy, current military capabilities, and available technology are
documented and approved through the mission needs statement, which in turn feeds the
requirements and resource-all ocation processes.
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Figure 3-4: Components of Identifying Needs and Force Planning.

C.1. Long-Range Planning

The Pentagon’ s Strategic Planning Office was established in 1996 to focus on a 25-40 year
timeframe. This new organization has not yet had a significant impact on product devel opment but
may in the future.

C.2. Air Force Modernization Planning Process

The modernization planning process determines Air Force needs for new or improved
capabilities to ensure that the service can accomplish its mission, including the president’ s national
security strategy and national military strategy. The process used to convert the national military
strategy into the required weapon systemsis referred to as “ strategy-to-task.” Once the tasks are
defined, the planners eval uate the capabilities of existing forces and identifies requirements for new
and upgraded systems. This processis referred to as “task-to-need.” (The processes used to
accomplish the “strategy-to-task” and the “task-to-need” analyses are defined in several documents,
including the CICS MOP 77 Requirements Generation System Policy and Procedures, Air Force
Directive AFPD 10-14 Modernization Planning, and Air Force Instruction AFI 10-1401
Moder nization Planning Documentation.)
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Figure 3-5: The Modernization Planning Process.

The Air Force modernization planning process is conducted by the maor commands
through a number of mission area teams and associated technical planning integrated product teams
(TPIPTs). These plans project 25 years into the future and guide investments by the scientific,
development, and contractor communities. The major commands lead the mission area teams, and
the TPIPTs are managed by Air Force Materiel Command and the teams' associated product
centers.

Thirty-eight mission areateams and functiona areateams anayze capabilitiesin specific
mission areas. One example isthe Aerospace Control Mission Area Team, which examines
offensive counter-air, defensive counter-air, and theater missile defense. The teams are supported
by sub-teams associated with each weapon system, and by technical planning integrated product
teams.

The TPIPTs include representatives from Program Offices, defense |aboratories, and
industry. These teamsidentify potential systems and concepts to meet needs set by the mission
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areateams. The TPIPTs aso identify future technological needs that direct much Air Force
laboratory research.

All these teamsfollow the “ strategy-to-task” and the “task-to-need” processes to determine
current capabilities, future deficiencies, and how best to overcome those deficiencies. After
estimating potential enemy forces and capabilities for 25 years and projecting Air Force
regquirements, mission area assessments and needs analysis rely on the national military strategy to
determine future needs. Mission solution analysis then determines the major commands' preferred
solutions for correcting deficiencies.

Mission Area Assessment (MAA) andyzesthe ability of the unified commands and the major
commands to undertake their assigned tasks and to fulfill a military contingency plan.

Mission Needs Analysis (M NA) then uses the task-to-need process to determine if existing
forces can meet the current and future assigned missions. Identified mission needs are documented
in amission needs statement, which is used to make a Milestone 0 decision for developing any
new or modified system.

Mission Solution Analysis (M SA) evaluates potentia solutions and produces an
“unconstrained set of preferred options.”® These options may include changes in operations
tempo, readiness, training procedures and tactics, modification programs, force structure changes,
new acquisitions, and science and technology programs.

Mission Area Plans (M AP) usethe results of the mission area assessment and the mission
needs analysis to “ document the most cost effective means of correcting task deficiencies from
among nonmaterial solutions, changesin force structure, system modification or upgrades, science
and technology applications, and new acquisitions.”® The MAPs are roadmaps outlining the
modernization plan for each weapon system in the mission area. Functional area plans are
developed for cross-cutting areas such as communications.

The modernization planning process culminates with afour-star review by senior Air Force
leaders, who approve the mission area and functional area plans. The potentia solutionsin the
MAPs are then “racked and stacked” to determine which will be pursued.

5L Briefing by HQ USAF/XOXP, AQ/XO Offsite. 1997.
2 AFI 10-1401 Modernization Planning Documentation.



78 Reducing DoD Product Development Time: The Role of the Schedule Devel opment Process

From the finalized MAPs, the mgjor commands develop aprioritized list of new or
modified systems. Reguirements for new systems and modification of existing systemsidentified
through this process will help determine how much funding each service receives, as well aswhen
the process for establishing specific requirements begins and pre-acquisition planning occurs.

C.3. Leadership-Directed Projects

In adirected project, a senior leader begins a development effort not included in mission
areaplans. Thisfrequently used top-down process contrasts with the bottom-up process used in
modernization planning. Respondents to the surveys conducted as part of this research indicate
that 42 percent of current Air Force projects were initiated as the result of leadership direction as
opposed to formal modernization planning.®

Directed programs may result from a new technology, a highly visible deficiency, or the
personal interest of anational or service leader. These directed programs will be incorporated into
future mission-area plans for the major commands. A mission needs statement or operational
requirement document used for thiskind of program often references the senior leader’ s direction.

C.4. Mission Needs Process

A mission needs statement (MNS) documents the capability required to accomplish a
certain operational task, as well astheinability to fulfill the need through training, tactics, or other
non-materiel solutions. A validated MNS s required for aMilestone O decision, which alows for
early studies of aternatives and the operational and cost implications of developing a new system.

Generating the Mission Needs Statement

The mgjor commands write the mission needs statement based on the outcome of the
mission needs analysis and mission solution analysis. A major command will also generate a
mission needs statement at the direction of senior leaders. Major commands submit the mission
needs statement to service headquarters for validation.

8 The surveys and responses will be discussed in detail in Chapters 7-11.
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Figure 3-6: Mission Needs Statement Generation and Validation.

Validating the Mission Needs Statement

The validation process ensures that al operationa needs are properly documented and
agreed to by various functional groups before any development effort is begun.

A magjor command forwards a completed MNS to the Operational Requirements Division of
the Pentagon, where it is assigned to a requirements action officer who shepherdsit through the
validation process. This officer submitsthe MNS to the working level of the Requirements
Review Council, which consists of mgjor and lieutenant colonel-level action officers from the
functional groups. Following approval at the working level, the MNS is reviewed by the
Requirements Review Council, which consists of colonel and brigadier general-level officers from
various functional groups. Following council approval, the MNS is then submitted to the Air
Force Requirements Oversight Council (AFROC), atwo-star-genera-level review by the deputy
chiefs of staffs.
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Once reviewed and approved by the AFROC, the MNS is returned to the major command
for final review and signature by the commander. The final document is then sent to the Air Force
Chief of Staff for approval and signature. Depending on the size of the potential project or the joint
applicability, the MNS may al so then be sent to the Joint Requirements Oversight Council (JROC)
within the Joint Chiefs of Staff for further validation. The MNS s officially validated by the Air
Force Chief of Staff or by the Joint Requirements Oversight Council.

The completed Mission Needs Statement is then sent to the Assistant Secretary of the Air
Force for Acquisition, or to the Under Secretary of Defense for Acquisition and Technology. That
person makes the Milestone 0 decision to authorize studies of how to best meet the identified need
and to define the operational requirement for the new or modified system.

D. Generating and Validating Requirements

Requirements document the capabilities a new system must have to succeed. In practice,
thereis significant overlap between the process of establishing requirements and the planning
activities described earlier. The requirements community consists of groups at the major command
headquarters and the Pentagon. Each major command has a director for requirementswho is
responsible for evaluating current capabilities, identifying deficiencies, and defining the
requirements for new systems in operational requirements documents. Within Air Force
headquarters, the Operational Requirements Division (HQ AF/XOR) reviews the documents,
coordinates them with other Pentagon organizations, and maintainsthe library of validated
documents. Depending on the project’ s size and scope or joint service applicability, the document
must be validated by the Air Force Chief of Staff, the Air Force Requirements Oversight Council
(AFROC) or the Joint Requirements Oversight Council (JROC).
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Figure 3-7: The Process for Generating and Approving Requirements.

D.1. Generating Requirements

Operationa deficiencies and solutions are turned into a set of requirements that form the
basis of adevelopment effort. When complete, the systems will be tested to determine how well
they meet the requirements. The major commands specify requirements by evaluating alternatives,
performing Cost and Operational Effectiveness Analyses (COEAS), determining the operating
parameters for a specific system, and developing the operational requirements document.

The genera characteristics of the desired system are defined by various outputs from
modernization planning--often the mission solution analysis--or by directions from senior
leadership. The process focuses on how to fulfill the need with the selected system, how the
system should work, and what the specific operating characteristics should be. For example, if
service leaders have selected a new aircraft to fill aspecific need, the requirements will define what
the characteristics of the new aircraft must beto fill the need.

The primary steps involved in generating requirements are analyzing aternatives, analyzing
cost and operationa effectiveness, and generating the operational requirements document.
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Analysis of alternatives (AoA) identifies aternative methods of meeting the operational
requirements and resolving mission deficiencies following a Milestone O decision. The results of
these concept studies are used to prepare the cost and operational effectiveness anaysis.

Cost and Operational Effectiveness Analysis (COEA) isused to assist decision makers
in selecting the most cost-effective method to fulfill amission need. The COEA process compares
severa solutions on the basis of cost and operational effectiveness and documents the rationale for
choosing the preferred solution. COEAs are required for all major defense acquisition programs.
Forma COEAs are not required and are not typically performed for smaller programs (ACAT I
and I11).

The Operational Requirements Document (ORD) describes the concept of operations and
the specific performance measures—both the minimum and threshold (desired) levels that the new
systemisto fulfill. If the system cannot meet the threshold parameters, senior leaders must decide
whether to continue the project. These key performance parameters are included in the acquisition
program baseline and are reviewed as part of the milestone decision points. No acquisition effort
can proceed through Milestone | without a validated operational requirements document.

The ORD is updated before full-scale development (Milestone I1) and production
(Milestone I11) to include additional information as the system is further defined. A requirements
correlation matrix tracks changes in the requirements over time and documents the reasons for the
changes. These and other analyses form the basis for the subsequent acquisition efforts for the
system.

D.2. Approving the Requirements

Leadersin the mgjor commands review the ORD, which is then submitted to headquarters
and the Requirements Review Council and follows a path similar to that of the Mission Needs
Statements. Validating the requirements can take several months to severa years, depending on
the contentiousness of the issues and the desires of the leadership.

A validated ORD is considered the definitive statement of users' requirements and becomes
the technical input into the acquisition process. Once the requirements are established and validated
through this process, they cannot be changed without anew review. A validated ORD isrequired
to authorize the start of aformal acquisition process.
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E. Allocating Resour ces

Following the modernization planning process and concurrent with the requirements
process, any acquisition effort must successfully negotiate and obtain funding, equipment, and
personnel through the resource allocation process. This processis used to develop Air Force and
DoD budgetsfor al activities, and includes the mgor commands, the Pentagon, DoD, the
administration, and Congress. Severa different functions are involved, including programming,
which authorizes all activities; budgeting, which projects costs and devel ops annual budget
requests; and resource distribution, which disburses and tracks funds once Congress appropriates
them. Approved and scheduled funding for development and production is required for the
Milestone | decision that authorizes the start of a project.
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Figure 3-8: Resource Allocation Processes.

Resource allocation and the Pentagon’ s planning, programming, and budgeting system
(PPBS) include multiple steps over atwo-year period. Each major command develops a Program
Objective Memorandum (POM), which the Pentagon then uses to develop a POM for each service
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and the total annual request included in the President’ s Budget. Once Congress has alocated the
money, funds are distributed in accordance with the POM as defined by defense appropriations law.

E.1. Developing the Program Objective Memorandum

Every year each mgor command projects the resources required to accomplish the missions
it must fulfill and to procure the new systemsit desires. Thisinformation is captured in the
Program Objective Memorandum (POM), which covers activities ranging from purchasing fuel and
maintaining systems, to developing new products, to training and deploying troops and sustaining
existing operations. The POM covers al funding projections for six years and force structure for
nine years, and is submitted two years before the first fiscal year to which it pertains.

Headquarters for the major command typically devel ops this document with input from each group
within the command. After internal reviews, the commander approvesthe request and it is
forwarded to service headquarters. This document then becomes the initial input to the Pentagon’s
planning, programming, and budgeting system.

E.2. The Pentagon’s Planning, Programming, and Budgeting System

The PPBS isamulti-step annual process used to authorize activities, alocate resources,
and develop the service and DoD budgets. Defense Secretary Robert MacNamara began the PPBS
system during the 1960s in an attempt to bring focus, coordination, and control to the defense
planning and budgeting processes.

Each activity the service undertakes must be covered by a program element, which allocates
all funds and resources. The lowest level in the PPBS system, the program element, can represent
a single weapon system undergoing development or an ongoing military operation. A program
element monitor (PEM) isthe official spokesperson for that activity within the Pentagon.

Planning and Programming

The planning and programming process develops and integrates the Program Objective
Memorandum and maintains the Future Y ear Defense Plan (FY DP). These documents authorize
the servicesto both carry out and budget each specific activity. The director of program and
evauation under the Air Force Chief of Staff oversees the planning and programming process.®

% HQ USAF/PE was recently placed under HQ USAF/XO to create HQ USAF/XOP.
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The planning function within the Pentagon begins with the submission of the POMs from
the mgjor commands. These inputs assist the Chiefs of Staff and the Service Secretariesin
advocating their positions and devel oping Defense Planning Guidance (DPG). The latter isa high-
level document that sets the stage for apportioning resources among the services and within various
mission areas. After the DPG isissued, the mgjor commands update their POMs based on the
expected allocations among services and mission areas.

The programming function takes the updated POMs and devel ops a consolidated program
outline of all Air Force activities. This program is then worked through an elaborate process to
ensure that it fits within the expected budget and program guidelines directed by Office of the
Secretary of Defense, and that it meets the requirements of the senior Air Force leadership. The
elaborate process used to make these decisions and tradeoffs is known as the enhanced Air Force
corporate process, and includes over 70 separate weapon teams, 10 mission area panels, and 3
additional levels of review; beforeit is submitted and approved by the Chief of Staff and the
Secretary of the Air Force. This entire process involves the participation of a significant number of
people in the Pentagon.

The secretary of defense then approves a program decision memorandum, which outlines
the proposed programs for the services. This memorandum forms the basis for the Future Y ears
Defense Program (FY DP), which outlines the path for the military services over the next six years.
The program decision memorandum is then submitted to committees in Congress for their
authorization.

The Enhanced Air Force Corporate Process

The enhanced Air Force corporate process includes five levels of review within the Pentagon
prior to the final review by the Chief of Staff and the Secretary of the Air Force. It isintended to
provide the senior leadership with the “ corporate position while retaining the responsibilities of the
functional organizations.” In other words, the “ corporate position” is a negotiated result and
compromise solution on the funding levels for various Air Force activities between the organizations
and personalities represented within the various panels, board, groups, and council.

The different levels of review are described below and depicted in Figure 3-9. 1n 1997,
development and procurement activities represented 32 percent of the total Air Force budget.

Integrated process teams (I PT) are staffed by the various program element monitors and action
offices associated with aweapon system. The IPT isthe single point of contact for the major
commands to specific programs. There are roughly 70 separate weapon system IPTSs.
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Mission and mission support panelsserve asthe Air Force “ centers of expertise” and represent
thefirst level of corporate review within each of 10 mission areas. While retaining a corporate or Air
Force-wide perspective, the panels must till play the role of advocate for a particular project within the
corporate process.

The Air Force Group undertakes the first integrated Air Force-wide review and consists of 23 core
members and 7 members representing the functional areas of the Air Force. During the POM process,
this group is empowered with “ off-the-table” decision authority (they can say no to a decision, but not
yes) asthe AF Group brings ideas forward to the Air Force Board.

The Air Force Board isatwo-star-level review staffed by the deputies of senior leadersin each
major functional area. The board now consists of 23 core functional areas and 7 other members.

The Air Force Council, athree-and-four-star level review, consists of senior leaders from the
various functional areas and major commands. The council provides recommendations that are
coordinated at senior levels across the Air Force and forwarded to the Air Force Chief of Staff and the
Secretary of the Air Force.
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Figure 3-9: The Enhanced Air Force Corporate Review Process.®

¢ Developed from USAF Document “ The Planning, Programming, and Budgeting System & The Air Force Corporate

Structure (AFCS) Primer, 9" Edition.” AF/XPPE. May 1998.
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Budgeting

The Air Force budget processis organized and controlled primarily by the Assistant
Secretary of the Air Force for Financial Management, and more particularly by the budget division.
The annual budget is developed based on the results of the Program Objective Memorandum. The
budgeting process develops more accurate estimates of the costs of executing approved activities
by updating previous estimates using current prices, inflation estimates, and economic forecasts.
The budgeting process a so separates the required funds into categories used to submit the overall
Air Force budget estimate and compose the President’ s Budget to Congress.

Based on these estimates and changes as directed by guidance from the Secretary of
Defense, the Air Force Corporate Process Structure reworks the Air Force program to create the
budget estimate submission (BES). The BES represents the Air Force input into the annual DoD
budget request. Following areview by the Office of the Secretary of Defense and the Office of
Management and Budget, the Secretary of Defense issues a President’ s Budget Decision (PBD).
The services again adjust their program to comply with the PBD and finalize the Air Force budget.
The President’ s Budget is then submitted to Congress for approval and enactment.

Once the budget is passed by Congress and signed by the president, the budget and
comptroller communities distribute funding and track expenditures to ensure that no money is spent
that is not allocated and appropriated for a specific project.

The outcomes of this entire process--Program Objective Memorandum and the Future
Y ears Defense Program -- are inputs into the acquisition processes and critical to a product
development effort. With the added expectation of an approved Operational Requirements
Document, the steps typically associated with the acquisition processes begin. Participantsin the
acquisition processes take the users' requirements and expected resources and develop an
acquisition plan, select a contractor, and devel op the product and the manufacturing process.
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F. Acquisition Planning and Approval

In the acquisition approval and milestone decision processes, the service headquarters and
service acquisition executive review the proposed plans and decide if the project can proceed to the

next stage.
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This process devel ops plans based on the users' Operational Requirements Document. The
major acquisition planning steps include devel oping ateam, collecting information, creating
program plans, projecting costs, and developing an acquisition strategy. The major products are
acquisition plans, cost estimates, proposed project schedules, and a proposed acquisition program

baseline that outlines the project’s cost, schedule, and performance objectives.

The planning effort is accomplished by a newly formed Program Office specific to the
project, or by ateam within an existing Program Office. The Program Office typically surveys
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potential contractors to understand abilities and technologies available to the project. From this
information, the Program Office develops a series of plans that outline how, when, and at what
cost the project can proceed. The plans typically include an acquisition plan, a source selection
plan, and system engineering plans including awork breakdown structure, a master plan and a
master schedule. The plans aso include an integrated logistics support plan; atest and evaluation
master plan; a human system integration plan; and a threat assessment report. These plans and

reports cover the entire expected life of the program, not just the development effort. During this
phase, the Program Office develops detailed cost estimates showing that the plans are affordable
within the expected resources, as required for aMilestone | decision. The reports officialy
required for aMilestone | decision for major defense acquisition programs are shown in Table 3-1.

Acquisition Strategy Report

Acquisition Program Baseline

Affordability Assessment

Future Y ears Defense Program Funding Profile
Anaysisof Alternatives

Component Cost Analysis

Cost Analysis Requirements Description

Description of Data Requirements

Exit Criteria

Independent Estimate of Life-Cycle Costs
Operational Requirements Document
Program Office Life-Cycle Cost Estimate
System Threat Assessment Report

Test and Evaluation Master Plan

Table 3-1: Information Required for a Milestone | Decision for Major Defense

Acquisition Programs
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When the plans are complete, the Program Office holds an acquisition strategy review with
apanel of outside experts and consolidates the results into an integrated program summary. This
summary is signed by the program director and forwarded to the Pentagon for review and
approval.

F.2. Acquisition Approval

Milestone approval isthe formal process used to review projects and authorize them to
proceed to the next acquisition phase. Formal milestone decisions are required by Defense
Acquisition Directive 5000.1, which gives the Defense Acquisition Executive and Service
Acquisition Executives the milestone decision authority for major programs. For smaller programs
the product center commanders, also known as Defense Acquisition Commanders (DACs), have
milestone decision authority. Milestone decisions are intended to ensure that all essential issues are
addressed prior to approval for the program to proceed. After aMilestone | decisioninitiatesa
formal acquisition program, a Milestone |1 decision authorizes full-scale development, and a
Milestone 111 decision authorizes full-rate production.

Before amilestone decision, a project must pass through a series of Pentagon reviews.
Each major organization involved with any aspect of the development program is represented on
two respective teams: the Working-Level Integrated Product Team (WIPT), and the Overarching
Integrated Product Team (OIPT). The people and organizations involved with these teams overlap
significantly with the earlier integrated product teams that allocated resources.

These committees are intended to resolve all issues before submitting the entire package to
the Air Force System Acquisition Review Council and the Assistant Secretary of the Air Force for
Acquisition for final approval. The largest programs are reviewed in the Office of the Secretary of
Defense, by the Joint Requirements Oversight Council, the DoD-level Overarching IPT, and the
Defense Acquisition Board prior to approval by the Under Secretary of Defense for Acquisition
and Technology.

A Milestone | decision yields a signed acquisition decision memorandum authorizing a
formal acquisition project and a baseline specifying cost, schedule, and performance. Deviations
from the approved requirements or the acquisition strategy require similar approva from the
milestone decision authority. An approved Milestone | decision allows the program office to start
the contracting processes.
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G. Contracting

Contracting isacritical part of the development process. The basic contracting processis
dictated by federal acquisition regulations and applies across all federal agencies. Itstwo primary
purposes are to select a contractor, and to agree on terms and conditions for the contract.
Contracting can be separated into three periods. planning for release of the request for proposal, the
period in which the contractors devel op their proposals and selection of a contractor and award of a
contract by the Program Office.
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Figure 3-11: The Contracting Process.

G.1. Solicitation Planning

The many-step process of planning the solicitation overlaps significantly and is often
indi stinguishable from some of the early acquisition planning processes. One early step is market
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research to identify potential contractors. The solicitation planning stage a so includes developing
the acquisition plan, which schedules the contracting steps and specifies the requirements for the
solicitation.

This phase also spells out the process to be used to select the winning contractor, including
the evaluation criteria and the specific weights assigned to each. The criteriaand the relative
weighting are provided to the contractors as part of the request for proposals. The source selection
criteria cannot be changed after the request for proposalsisissued, to prevent manipulation.

A major part of solicitation planning is developing the formal document that tells
contractors what the government requires and how the contractors are to respond. Contractors are
typically asked to comment on the RFP whileit isin draft, to identify particularly onerous or costly
requirements.

Thefirst part of the RFP typically includes amodel contract and the procedures and ground
rulesfor selection. The second part describes the procedures and ground rules to be followed in
the proposal, the basis for selection, and the specific information needed to make the selection.
This section usually asks for technical, management, and price or cost proposals detailing various
aspects of a contractor’s proposed development effort. All Air Force RFPs are reviewed by the
centralized RFP support team to ensure that the requests do not tell contractors how to do things
but instead smply state the objectives.

As part of solicitation planning, the Program Office devel ops detailed cost estimates for the
proposed contractsit isrequesting. This helps ensure that the Program Office is not requesting
more development effort than it can afford, and is used to select and negotiate with the contractors.

Each step in the solicitation planning process undergoes legal review to ensure that it
adheres to appropriate laws and regulations. The final review is abusiness release that allows the
RFPto beissued. The solicitation planning phase ends when the Program Office releases the
request for proposals, after which no informal discussion between industry and the Program Office
isalowed, to prevent favoritism. The next process entails development by the contractors of a
proposal.

G.2. Proposal Development

For defense contractors, winning the source selection process is the most important aspect
of their business. Because asingle contractor usually develops, produces, and maintains defense
systems, not being selected at any point in the process will often eliminate a company from the
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entire market. Defense contractors therefore place great emphasis on their ability to develop
proposals and their responsiveness to customers. The following description is based on a number
of industry guidelines for developing proposals, interviews with industry participantsin the Lean
Aircraft Initiative, and a course run by the Educationa Service Institute that teaches government
personnel source selection procedures.®

Proposal development and marketing activities begin long before rel ease of the RFP—and
indeed even before the Program Office establishes a project. Companies often propose solutions to
needs directly to users, the Pentagon, and the Program Offices in an attempt to initiate contracts
they can easily win. One primary function of companies marketing divisionsisto identify
upcoming projectsthat fit within the company’ s product line. Marketing divisions seek
information such as the budget for potential projects, their sponsors and their interests and
concerns, and the concerns of the Program Office leaders. One objective isto dant specifications
and source selection criteriatoward the company’ s approach. Marketing divisions also identify
potential competitors, their likely approaches, and their level of interest in the project. Early market
research ensures that a company has adequate time and the necessary information to develop an
effective proposal, as companies often submit their proposals right after the legal minimum of 30
days following release of the RFP.

When a company identifies a project that the firm stands a significant chance of winning, it
establishes aproposal development team. Thisinitial team evaluates the information from
marketing and develops a strategy for winning the contract. After consulting with engineering
groups, the team selects the best technical approach and develops a“ capture plan” detailing and
coordinating the company’ s efforts to win the contract. The capture plan includes a marketing plan
and a proposa development plan. The marketing plan ensures that the Program Officeisfully
informed--and hopefully convinced--of the benefits of the company’ s specific approach.
Marketing efforts also ensure that the proposal addresses Program Office concerns, and the
contractor's internal proposal evaluation ensures that the proposal has met all RFP requirements
and provides specific answersto fulfill the criteria. The capture plan is presented to senior
management for their approval.

According to industry proposal training material, “the proposal is primarily a selling tool
designed to stress customer objectives and customer benefits, while stating the customer’ s problem

% The description is obtained primarily from two company proposal development guides for which documentation was
obtained. The companies requested not to be identified. Interviews with other industry representatives supported the
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in histerms and presenting the solution in a clear and straight forward manner.” The guidelines
stress that “the proposal is not the place to tell the government it iswrong. . . [That] isnot a
winning strategy.” Instead, a company often portrays alternative approaches by other firms as
inferior, to make the strongest case for its approach. Many companies also create groups that
solely prepare or assist in preparing proposals, led by a proposal manager and a proposal
development specialist. The proposal manager often becomes the program manager if the company
wins the contract.

Proposals are typically written in sections, each targeted to different evaluators on the
source selection team. Those elements, which typically include an executive summary, the
technical approach, the program plan, and the management plan, are expected to stand alone. The
program plan and the technical approach require creation of awork breakdown structure and the
systems engineering management plan.

Companies often have the option of submitting an aternative proposal that presents a
program different from the one the government has requested. Such proposals may not meet all
the government's requirements but may showcase an innovative approach to meeting users’ needs.
However, according to the Aeronautical Systems Center Pre-Award Support Office (a group that
helps many program offices develop requests for proposals and run source selections) contractors
take thisroute only rarely.

After drafting and evaluating the proposal, company management sets the price it will bid.
Managers base this decision on cost estimates developed by the proposal team, evaluation of
potential competitors' strategies, and the importance of winning the project. Oncethefina price
has been set, final proposal production occurs. Submission of contractors proposals begins the
source selection process.

G.3. Source Selection

Before beginning source selection, a Program Office writes a plan that specifically
describes the process to be used to evaluate the proposals. The Source Selection Authority
approves this plan before release of the RFP.

The sdlection process typically includes a Source Selection Evaluation Board (SSEB)
composed of severa panelsthat evaluate different aspects of each proposal; a Source Selection

statements contained in the guides. The process described is similar to the process outlined in an Educational
Services I nstitute course on source selections.
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Advisory Council (SSAC); and a Source Selection Authority (SSA). The SSEB is solely
responsible for evaluating the proposal's against the set standards--it does not evaluate different
proposals against each other. The Source Selection Advisory Council, composed of senior
military and government personnel, reviews the SSEB finding, compares the proposals, and
considers contractors past performance. This committee makes a recommendation to the Source
Selection Authority, which then selects the competing contractors with which DoD will negotiate.
The committee can pursue a contract without negotiations by choosing one of the original
proposals unmodified.

Negotiations further refine and clarify the contractors proposals to better meet the
expectations and concerns of the Program Office. Care must be taken to provide al competing
contractors with ssimilar information but not to share proprietary information. Companies then
modify their proposals and develop their “best and final offer.” During this period a proposed
formal contract between the Program Office and the contractor, specifying which aspects will be
made legally binding and under what conditions, is written and prepared.

Using the contractor’ s best offer and the finalized contract, the Source Selection Authority
can choose either the best-value proposal or the lowest-cost technically acceptable proposal.
Decision makers may ignore the scores, re-score the proposals, or declare differences insignificant,
but the selection is susceptible to protest and judicia review. While protests occur frequently, few
are upheld. Of the 47 protestsin 1995, for example, only 2 were upheld.®” The Air Force often
goes to great lengths and expense to ensure that the source selection is“fire-proof” and can
withstand a protest.

Following the source selection decision, the Program Office can award the contract and
development can begin.

H. Developing the Product and Process

Development of the actual product and the process used to make it is conducted primarily
by the contractors. The contractors development activities are overseen by the Program Office, to
identify problems early on. The Pentagon oversees the activities of the Program Offices and the
contractors, to alert senior leadersto problems. A processis aso available to modify the contract
and requirements to adapt to unforeseen events.

57 Lt Gen Franklin’s Briefing to Industry Day at Electronic Systems Center. Hanscom AFB MA. March 1996.
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H.1. Product and Process Development

Contractors themselves can determine how best to develop a product and the process used
to makeit, aslong as they remain within the bounds of the contract. Contract specifications can be
extensive if they include the system engineering management plan and work breakdown structure.
A company’ s development efforts typically follow standard system engineering approaches, with a
series of internal reviews, tests, and audits as a design matures. Many of the company’s activities
are driven by program oversight requirements.

Contractors receive progress payments throughout development. The amount is
determined by the cost work breakdown structure and its packages as described in the contract and
as measured through the company’ s cost/schedul e control system (C/SCS), which the companies
keep in accordance with DoD accounting requirements. Contractors' requests for payment are
certified by the Program Office and sent to the Defense Finance and Accounting Service.

H.2. Development Oversight

The development oversight process involves two distinct levels: program oversight of the
defense contractor, and Pentagon oversight of the Program Office. Each isintended to ensure that
the proper actions are taken, and that the development of the desired product is proceeding within
the technical and cost parameters.

Program Office Oversight of the Contractor

To ensure progress towards completing the design, and a design that will meet the
requirements, the Program Office conducts periodic reviews of both the design and its financial
performance. These reviews offer insight into the technical aspects of the devel opment process
and allow for early identification of potentia problems. Progressis measured against the
company’s planned or contracted schedule.

The Program Office performs financial oversight through the cost/schedule control system,
which formalizes periodic reports indicating the funds spent by the contractor and the amount of
work accomplished. From these reports the Program Offices can determine the budgeted cost of
the work performed, the actual cost of the work performed, the budgeted cost of the work
scheduled, and the estimated cost at completion. These are used to determineif the contractor is
meeting the schedule and cost estimates established in the contract.
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Pentagon Oversight of the Program Offices

Pentagon oversight of the Program Office and the contractor is more limited than Program
Office oversight of contractors. Pentagon oversight is often dependent on Program Office
reporting. Quarterly reports are due from al maor defense acquisition programs as part of the
defense acquisition executive summary (DAES), completed by the Office of the Secretary of
Defense. Smaller programs are subject to reviews by their respective program executive officer or
product center commander. (Each Development Center and Program Executive Office also
conducts an annual portfolio review with the senior acquisition executive to review the breadth of
projects.)

Test results and completion of major milestones on schedule indicate that the technical
aspects of a program are likely under control. Missed milestones or failed testsindicate that there
may be problems and often provoke greater Pentagon scrutiny and oversight. A final operational
test and evaluation (OT&E) follows completion of the development effort and precedes full-rate
production. OT&E tests the system against the operational requirements document and provides an
independent assessment of the development effort.

H.3. Change

During devel opment effort requirements may change, the contract may change, and annual
funding may change. These changes may be directed by the Pentagon or the users, or they may
come from the contractors. Changing established program plansis difficult for both DoD and
contractors.

Revisionsin the annual projected budget are one of the major sources of change in defense
programs. When the allocated budget is changed, the Program Offices must adapt to the often
lower level of funds, and the contract must often be re-negotiated. Additional requirements based
on changing circumstances, or the availability of newer technology, may also change users
desired capabilities.

Bottom-up changes are often the result of problems within a development effort. The
inability to meet cost, schedule, or technical performance requirements often force a contractor and
aprogram office to suspend requirements, increase funding, or to delay the product. These
changes often require a significant amount of effort to obtain agreement from the Pentagon
organizations that must review and approve them. Such changes must follow asimilar path asthe
original approval process, as must requests for additional funding, which must also compete with
other projects. What's more, changes to the acquisition program baseline require asimilar level of
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review asthe original milestone decision process. Surmounting these hurdles requires
considerable effort and attracts greater scrutiny to a project.

Chapter Summary

The Air Force product devel opment process described is a complicated and elaborate
process. The major playersin the development process include the major commands, the various
Pentagon organizations, the program offices, and the defense contractors. The earliest
development processes includes many processes from the modernization planning process, to the
mission needs process, to the requirements generation and approval processes. The planning,
programming, and budgeting system as implemented by the Air Force through its corporate
processis an very elaborate process encompassing 6 layers of review multiple times per year. The
acquisition processes include the acquisition planning and approval process, the contracting
process and the contractor oversight process. Many of the processes involve multiple levels of
reviews within the Pentagon and major commands. Each of these processesis currently required
to develop aproject. Whilethe Air Force product development process may be dlightly more
complicated than those of the other services, the basic steps are similar. How the structure of this
complicated process affects the devel opment time of individua acquisition efforts and how it
affects the devel opment process as awhole is the subject of thisinvestigation.






Part 2

Research into the Process Used to Develop
Project Schedules

Part 2: Overview

The areas associated with long cycle timesin Air Force devel opment projects are too
numerous to study within the time and resources available. Initia interviews and preliminary
research indicated that the process used to develop project schedules was likely to play a significant
role in determining the time to develop new products. Thus, | chose to focus the research on the
process used to develop the project schedules and its impact on the resulting devel opment time.

Chapter 4 provides the justification for focusing on the process used to develop project
schedules. It aso describes previous research on the topic and the limited available data. Chapter
5 describes the selection of the research approach and identifies amultilevel survey asthe
appropriate method to collect the required data. Chapter 6 describes the Pentagon, Program Office,
and contractor surveys used to collect the necessary data on development of theinitia project
schedules, and discusses the characteristics of the 317 projects surveyed. Chapter 7 describes the
process used to analyze and present the data.
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Chapter 4

Narrowing the Resear ch Focusto the Schedule
Development Process and Its | mpacts

The primary goal of this study isto identify the key factors that influence product
development time, and that keep the military from making reductions similar to those achieved with
commercial products. This chapter provides the rational e used to narrow the research focus from
acquisition response time to product devel opment time, and then to the programmeatic aspects of a
project. To do so, the chapter describes the conceptual framework used to separate different
aspects of aproject that may affect devel opment time.

This chapter includes initial observations of the schedule devel opment process based on
preliminary research, describes the relationship between the project schedule and devel opment
time, and poses the series of initial questions that guided the research. The chapter then
summarizes previous research associated with project development schedules. The overall
objectiveisto identify key factors or processes that influence the actual time from decision to
proceed to delivery of the first production item for military products.

A. Narrowing the Resear ch Focus from Acquisition Response Time

Narrowing the research focus to the process used to develop the project schedule entailed
severa intermediate steps. Firgt, the focus was narrowed to look at product devel opment time,
then to look at the programmatic aspects associated with the planning of a project, and then to the
process used to develop the project schedule. The rationale for the focus at each level is discussed
below.
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A.1l. Narrowing the Focusto Development Time

Asdiscussed in Chapter 1, acquisition response timeis a measure of the ability of the
acquisition system as awhole to respond to the needs of warfighters. Acquisition response time
includes periods--recognition, decision, development, and production--involving significantly
different types of activities and groups, as described in Chapter 3. Combining the different periods
would obscure important factors driving acquisition response time, but addressing all the periods
would have been too broad a scope. | decided to focus on one of the periodsin detall.

< Acquisition Response Time >

Define
Development

. Project
I dentify Needs Technology, Product Development _
and N Regirements, (Product and Process) Production
Opportunities
Resources,

Plan Acquisitiol

Recognition Decision Product Devel opment Production
Emerging Threat Need Decision to First Production Operationa
Technological Identified Proceed Item Capability
Opportunity
Current Deficiency

Changed Military Strategy

Figure 4-1: Components of Acquisition Response Time.

Product development time appears to be the largest component of acquisition response
time. Development time starts at project initiation in the commercia case or at aMilestonel or
equivalent decision for amilitary system, and ends with delivery of the first production item. New
major defense acquisition programs completed between 1990 and 1994 averaged 132 months--11
years--from project initiation to first operational capability.®® Of those 132 months, 108 months
were spent on the product devel opment phase, from the decision to proceed until delivery of the
first production item. Development time for major defense products has continued to increase over
the last 20 years.

% See Figure 1-7.
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Average times for product devel opment aone are projected to soon approach 11 years.
Thus | decided that for this research to effectively reduce the time required to field new military
systems, it must focus on product development time. However, the time required for recognition,
decision, and production is equally important in contributing to acquisition response time. These
areas are |eft for follow-on research.

A.2. Narrowing the Research within Product Development

Many elements contributing to development time could be studied. To identify which areas
were likely to have alarge impact on development time, preliminary interviews, analysis of
available data, and literature reviews were conducted in both commercial and military arenas. This
initial research into the causes of long cycle timesled to aframework for categorizing various
aspects of amilitary project, and then to one area -- the programmatic aspects -- for further
research.

To provide a contextual framework for product development efforts, three different areas
affecting development time were defined: programmatic, organizational, and engineering. Each of
these areas can be described at two levels. the company level, affecting a portfolio of projects; and
the project level, affecting a particular project.

Programmatic aspects at the project level include defining the project and the product
concept, determining available resources, setting the project schedule, and establishing the
project’ stechnical objectives. Other programmeatic aspects include the acquisition strategies used to
develop the project, the acceptabl e risk associated with the project, and the criteriato make cost,
schedule, and performance tradeoffs within the project.

The programmatic aspects at a company level include the overall development strategy, the
strategic planning process to select one project, and the resource allocations among projectsin
development. Shared among many of these aspects are the number of projects, the aggregate
funding levels, and the relationships between projects in the portfolio. For defense projects, the
government (the users, the Pentagon, and the Program Offices) largely controls the programmatic
aspects of amilitary project at both the project and the corporate levels, as government entities
determine the project objectives, allocate the resources, and define the portfolio of devel opment
projects.
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Organizationa aspects of development focus on how the government and companies
organize to carry out the development projects. At the project level, organizational aspects may
include the use of integrated product teams, the seniority of the program manager, the level of
integration of government and contractor teams, and the integration of the defense contractor with
its suppliers. Decisions regarding who designs the product and where are also organizational
issues. Whether a particular design will be developed in-house or by suppliersis one example.

At the company or corporate level, the organizational aspects provide a framework for
determining a project’ s structure. For defense projects, the government often determines -- or at
least strongly influences -- the relationship between itself and the contractors, but the contractors
and their suppliers decide how to organize to develop the projects.

Engineering aspects include the methods and tools used to design the project, and the
companies manufacturing processes. At the project level, these may include specific design tools
to be used, design and review processes, the use of prototypes, and the method used to make cost,
schedule, and performance tradeoffs. At the company level, these may include firms devel opment
and manufacturing infrastructure and those of their suppliers. In developing military products, the
government has traditionally required specific tools and techniques, such as awork breakdown
structure, system engineering models, and information for periodic review. The government has
also determined other aspects of the manufacturing process through military specifications and
standards, but has recently eliminated many of these and moved to performance-based
requirements. While the Program Offices request design reviews as part of the oversight of
development contractors, the vast majority of decisions on designing and making the product are
left to the contractors and their suppliers.

Review of alarge number of papers and books on commercia product devel opment
revealed significant effort devoted to improving al three areas -- programmatic, organizational, and
engineering. Figure 4-2 shows how recent commercial effortsto improve product development
map against this framework, at the company and the project level.
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Figure 4-2: Mapping Effortsto Improve Product Devgf)(r)n Heh iqerthé)?lﬁe

Programmatic, Organizational, and Engineering Categories.

To significantly reduce development time, one would expect changes would be needed in
each area. However, some areas do not currently limit development time. Asthe development
process improves, the limiting constraint will likely change. Since the overal goal isasignificant
cut in development time, itemsin each areawill likely need to be addressed to make amajor dent.

A.3. Relationship to Other Lean Aerospace Initiative Resear ch
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Thisthesisis part of the larger Lean Aerospace Initiative (LAI), which encompasses many
areas of product development. LAI research has so far focused primarily on contractor
organi zations and what they can do to become lean. This research has concentrated on
organizational and engineering aspects of development time, not on government-related activities.
Figure 4-3 shows the mapping of LAI research against the proposed framework. Because each
development project may be limited by different factors, research in al three areasis required.

' Product Development i—>
Programmatic Organization Engineering
Aspects Aspects Aspects

DoD Schedule IPT Effectiveness Database Commonality
Development Make/Buy Decision Software Factory
Process Early Supplier Design Change Reduction
Integrationin Design ~ Key Characteristics
Design Structure Design Structure Matrix (Product)
Matrix (Organizations)  Architectural Innovation
Risk Management Technology Insertion

Figure 4-3: Mapping Research under the Lean Aerospace Initiativeinto the
Programmatic, Organizational, and Engineering Categories.

In the organizational and engineering areas, there is significant overlap between military
and commercial development projects. Some of this overlap can be seen in the focus over the past
decade on using integrated product teams and advanced engineering tools and practicesin both
commercia and defense systems. Y et only commercial industries have significantly reduced
development times, while those for defense systems have continued to increase.

Long development times are evident across all types of military projects, including aircraft,
electronics, munitions, spacecraft, radar, and helicopters. Each of these areasis run by different
Program Offices and defense contractors, all of which use somewhat contrasting approaches to
organizationa and engineering aspects. Significant effort has also already been applied in the
engineering and organizational areas. Thisindicates that something more systematic may be
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affecting devel opment times, and that the organizational and engineering areas may not be the
limiting aspects.

Based on initial observations, it appears that further improvements in organizational and
engineering areas, without changesin the programmatic area, are unlikely to yield desired
reductionsin time to develop new military products. Y et little research has been conducted in this
area. | therefore decided to examine programmatic aspects to determine if they could be the key to
reducing development times for military systems.

B. Programmatic Aspects and Development of the Project Schedule

The programmatic area of a project includes many potential areas for in-depth research.
They include the methods and processes used to determine a project’ s objectives, allocation of
resources to a project, selection of which projectsto initiate, and determination of aproject’s
schedule. Theinitia investigation revealed that many of the programmatic aspects of a project
appear to be determined very early in aproject’s planning phase. Numerous discussions with
government and contractor participantsin the LAl revealed that one area -- the process used to
determine a project’ s schedule -- appears most directly related to time to develop a product. Initia
investigation aso indicated that an in-depth analysis of that process would yield significant insight
into the factors driving development times. A focus on aproject’sinitial schedule can reved the
processes, influences, information, and organizations involved. It also appeared that an analysis
of the process to devel op and execute a project’ s schedule would clarify the impact of other
programmatic, organizational, and engineering aspects of development time, and identify the
primary causes of long times. Thus | decided to focus this research on the process used to develop
aproject’ s schedule, and itsimpact on eventual development time.

B.1. Preliminary Research Observations on Schedule Development | ssues

In trying to identify the causes of long cycle times and narrow the research, | interviewed
many people, reviewed relevant literature, and uncovered sources of schedule-related data.

The potential causes of long development time identified in initial interviews and research
included advanced technology, aggressive requirements, complex users needs, funding
limitations, contractors' capabilities, testing, support requirements, and training requirements.
Peopleinterviewed at the Pentagon, Program Offices, and defense contractors held disparate views
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of the causes of long devel opment time and their impact. There was also awide range of views on
the importance of shortening project schedules, ranging from those who considered that effort
critical to those who thought it irrelevant. Those interviewed had little information on the
development of project schedules other than for those in which they were directly involved.

The primary focus of existing studies and those interviewed appeared to be meeting
schedule and minimizing dlip. Reducing a schedule beyond the existing plan was not a significant
priority and, in many cases, not considered an objective at al. Little research was available on the
development of theinitia project schedule.

Interviews with industry and government representatives revealed that the Program Office's
plans and expectations appeared to significantly affect aproject’sinitial schedule. Industry
representatives indicated that the Program Office’ s expected schedule played alarge role in their
proposed project schedules. One industry representative said that the government had to tell him
what type of program to bid and provide guidelines to help him be responsive to the government’s
desires. Many industry representatives indicated they had little incentive to bid anything other than
the expected schedule. Severa indicated they had a disincentive to do so, since they feared they
would be seen as unresponsive and assumed to pose a higher risk, and would thus be less likely to
win the contract. Winning the development contract was the companies central goal. When they
do not win the contract, they are essentially locked out of the market for that product forever.

Many people stated that few positive incentives related to project schedules exist. No
documentation addressing incentives related to project schedules could be found. The schedule-
related data that were available from a number of sources indicated that many projects were
completed on schedule and few were ever completed early.

Initial research indicated that schedule development was likely to exert a strong impact on
the project’ s outcome but little supporting data were available. There was no agreement on the
factorsinvolved in determining a project’ sinitial schedule, or on the structure of the process
involved. Research into the process used to develop the initial schedule appeared to have
significant potential to answer continuing questions and identify which factors drive project
development times.
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B.2. Initial Research Questions

Questions based on theinitia research observations were devel oped to establish the scope
and direction of the research. One set of questions dealt with the development of the initial project
schedule. How are these initial schedules determined? Who isinvolved? What schedule
information and tools are used? And what factors are considered important?

A second line of questions dealt with how these initial project schedules affect devel opment
of the contractor’ s schedules and the eventual contracted schedule. What impact does the project’s
initial schedule have on the contractor’ s proposed schedule? What are the incentives associated
with the contractor’ s proposed schedule? What are the results of this process when comparing the
government’ sinitial schedule with the eventual contracted schedules?

A third line of questions dealt with the impact of the initial and contract scheduleson a
project’ s actua development schedule. How do aproject’ sinitial schedule and contract schedule
affect the actua development schedule? What are the schedule-related incentives during the
development phase? Are there significant barriers to shortening project schedules and actual
development times?

These represent only afew of the questions that must be answered to understand the
process used to devel op the project schedule, and the impact of the initial schedules on actual
development time.

B.3. The Relationship between Project Schedules and Development Time

It isimportant to clearly define the relationship between project schedules and product
development times. Project schedules set the major milestones: they are forward projections of
activitiesthat will be accomplished as part of the development effort. Project schedules are not an
objective measure but are intended to estimate accurately the timeit will take to develop a product,
based on the perceived and observed constraints placed on the Program Office and the contractors.

For this research aproject’sinitial schedule is defined as the schedule used for a Milestone
| decision, or for approval of project initiation. This scheduleis used to plan the many aspects
required to develop and field military products. A project’sinitial schedule is developed during
early acquisition planning activities in the Pre-Milestone O or Phase O period, and are included in
the acquisition Milestone | decision or its equivalent. The project schedule becomes the basis for
planning activities at many levels, including those of the contractors, the testers, the funding
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organizations, and the users. Other significant schedulesinclude the contract schedul e between the
government and the contractor to develop the product, and the actual devel opment schedule asthe
project moves forward.

A project’ sinitial schedule is not necessarily an estimate of the minimum time required to
develop the project, assuming that all unnecessary activities, constraints, and delays have been
eliminated. The minimum required time would be based primarily on the time necessary to define
the requirements, devel op the required technology, design the system to meet the requirements,
and devel op the process to manufacture the system. Unfortunately, it is difficult to identify the
period actually required to develop a product without a good example ahead of time or a
retrospective analysis.

Theinitial scheduleisnot just an unbiased estimate of the time required to devel op a project
-- it appearsto affect the time it takes to develop the project. If initia project schedules were
simply an unbiased estimate, one would expect a distribution of projects delivered before and after
the date determined by theinitial schedule. But Figure 1-8, which compares planned schedules
with eventual development times, shows that 50 percent of projects meet their initial schedule,
many are completed behind schedule, and very few finish early. The fact that so many projects
finish exactly on their initial schedule appears to indicate either that those who develop initial
schedules are very good at estimating the minimum time required, or that a project’ sinitial schedule
affects the minimum time it actually takes. The two are not necessarily exclusive explanations.
The extent and the mechanisms of thisimpact are one of the key areas of this study.

If one were to develop the most accurate initial schedule, the processes used and the factors
considered in developing it would be very important. |f one were interested in developing a
product as quickly, effectively and efficiently as possible, one would expect technology
development, engineering requirements, and manufacturing development to play a central rolein
determining project schedules. Reducing the time required for those areas has been a magjor focus
of many commercial firms and academic researchers. Most military initiatives have focused on
integrated product and process development, integrated product teams, concurrent engineering,
rapid prototyping, prototype production lines, key characteristics, computer-aided design, and
computer-aided manufacturing. All these initiatives are aimed at reducing the engineering and
organizationa time required to develop products. But if those areas are not central to the schedule
development process, they probably will not have the expected impact on actual devel opment time.
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C. Relation to Previous Schedule-Related Resear ch on Defense Projects

Many people at distinguished organizations have examined devel opment times for defense
projects. But none have addressed the development of the project’ sinitial schedule, or itsimpact
on development time. Most researchers have investigated the ability of project managers to meet
planned schedules and reduce delays. Several studies have examined the effects of acquisition
reform on reducing cycle time and improving schedule performance. Most studies have relied on
case studies athough some have used statistical analysis of databases. These reports focus on the
duration of projects, the deviation from the expected plan, and the estimating techniques for severa
types of weapon systems.

C.1. Research on Schedule Duration and Slip

It isdifficult to separate the studies that examined schedule duration and dip, asthe same
report often includes both topics. Below is abrief summary of the research in the area.

AFSC Affordable Acquisition Approach Study

The Affordable Acquisition Approach Study, completed in 1983 by the Air Force Systems
Command (AFSC), began as the Accelerated Acquisition Approach Study. This study focused on
whether projects actually take longer than scheduled, or whether that is ssmply the perception. The
study also investigated the reasons for any delays, and techniques for shortening the process of
procuring systems at lower cost. The research was based on literature reviews, interviews, and
analysis of 109 acquisition projects. The study found that development and production times had
increased significantly over 30 years. The study identified the major cause as funding instability
caused by budget cuts and ballooning project cost. The study called for longer-term planning,
more program stability, and fewer projects. The study also recommended, as well as the use of
program baselines, firm commitments at acquisition milestones, and program management tools.
The study did not address development of project schedules but only their execution. Of note, the
manager for this effort was Dr. Jacques Gandler, now Under Secretary of Defense for Acquisition
and Technology.

RAND Resear ch
The RAND Corp. has pursued several research efforts to examine acquisition costs and
schedules. In a 1980 study of 67 programs, Giles Smith and E.T. Friedmann found that the
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demonstration validation phase was growing by 10 months per decade.®® They found that the time
required for full-scale devel opment had not significantly changed, but that the production phase
had increased by 6 months per decade.”® Thiswas a statistical analysis of programs based on
schedule outcomes. The authors did not evaluate how the schedules were developed. InaRAND
follow-up study in 1987, M.B. Rothman updated the database and |ooked for effects of the starting
date on full-scale development but did not find a significant correlation.”™

In 1990, RAND issued areport by Jeff Drezner and Giles Smith entitled An Analysis of
Weapon Systems Acquisition Schedules. This report used a case study method to analyze the
major drivers of schedules and deviations from the plan for 10 major defense acquisition
programs. The authorslooked primarily at programmatic factors such as competition, prototyping,
military priority, funding adequacy, and joint service management. However, they found that the
lack of documentation on the rationale for the origina plan limited their insight into the factors
affecting that plan and why the actual program deviates from the plan. They also found that
because of the small number of programs studied, meaningful statistical analysis on many variables
was not possible. Their approach was therefore generally heuristic.”

Drezner and Smith identified four factors with discernible, but not measurable effect on the
original schedule. They found that competition in contracting generally lengthens schedules,
concurrency or overlapping between devel opment and production shortens schedules, use of
prototypes lengthens schedules, and making a project a service priority shortens schedules. The
authors could not discern effects from funding adequacy, separate contracting actions between
development phases, external guidance, joint program management, program administrative
complexity, technical difficulty, and stability of system requirements.” The authors also found the
lack of data on schedule-related issues a significant barrier to research on program schedules and
the causes of dip. Because documentation was lacking, they reported they could not evaluate the
adequacy of the projects’ initial schedules.

% Smith, Giles, and E.T. Friedman “An Analysis of Weapon System Acquisition Intervals, Past and Present.”
Contract F49620-77-C-0023, MDA903-78-C-0188 Santa Monica: The RAND Corporation, November 1980
(R-2605-DR& E/AF). Pg. 15 and Pg. 25.

0 Smith and Friedman. 1980 Pg 30..

" Rothman, M.B. “Aerospace Weapon System Acquisition Milestones; A Database.”

Contract MDA903-85-C-0030. Santa Monica CA: The RAND Corporation, October 1987 (N-2599-ACQ). Pg. 15.

2 Jeff Drezner and Giles Smith. “An Analysis of Weapon Systems Acquisition Schedules.” R-3937-ACQ. Santa
Monica CA: The RAND Corporation. Dec 1990. (R-3937-ACQ).

3 Jeff Drezner and Giles Smith. Pg. 30.
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In 1996, RAND released a significant database documenting the schedules and cost
performance of severa hundred major defense acquisition projects.” Although the study limited
schedule variables to major milestones and decision, this database provides the most authoritative
measure of schedule performance compared with planned schedule. Unfortunately, it does not
provide insight into the factors involved in developing a project’ sinitial schedule.

Institute for Defense Analysis

In 1989 Karen Tyson, Richard Neslon, Neang Om, and Paul Palmer issued a report
examining the outcome of cost and schedule plans and the effects of acquisition reform activities on
cost and schedule growth.” These authors evaluated the effects of six factors--prototyping,
competition, multi-year procurement, design to cost, sole-source procurement, fixed-price
development, and contract incentives--on 89 major acquisition programs They did not evauate the
adequacy or the devel opment of the project schedules.

The Analytical Sciences Corp.

In 1986 and 1987 The Analytical Science Corp. released two papers on possible schedule
drivers.” 7 These reports identified six potential schedule drivers: technical complexity, degree of
technological change, system mission, procurement period, acquisition strategy, and funding
profile. Thefirst report found the physical parameters of a system marginally significant in
affecting schedule. Neither effort was able to identify a combination of parameters that could
account for the large variance in the engineering and manufacturing development (EM D)
schedules.”™

Air Force Institute of Technology
The research most closdly related to this thesis was conducted by two British Air Force
officers, Richard Hazeldean and John Topfer, who did a master’ s thesis on the effect of

" JM. Jarvaise, J.A. Drezner, and D.M. Norton. The Defense System Cost Performance Database: Cost Growth
Analysis Using Selected Acquisition Reports.” MR-625-OSD Santa Monica CA: The RAND Corporation. 1996.

> Tyson, Karen, Richard Nelson, Neang OM, and Paul Palmer. Acquiring Major Systems. Cost and Schedule Trends
and Acquisition Initiative Effectiveness. Contract MDA903-84-C-0031. Alexandria VA: Ingtitute for Defense
Analyses. March 1989 (P-2201).

6 Nelson, Eric K. Independent Schedule Assessment FSD Study.” Contract F33657-82-D-0064. Fairborn OH. The
Analytical Sciences Corporation. 30 June 1986. (TR-5300-2-2).

" Nelson, Eric and Jay Trageser. “Analogy Selection Methodology Study.” The Analytical Sciences Corporation.
Fairborn OH. Contract F33657-82-D-0064. 1 December 1987. (TR-5306-7-2).

"8 Nelson, Eric, and Jay Trageser. “Analogy Selection Methodology Study.” The Analytical Sciences Corporation.
Fairborn OH. Contract F33657-82-D-0064. 1 December 1987. (TR-5306-7-2) Page 5-1.
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contracting actions on eventua schedule performance of smaller development programs.” These
authors painstakingly gathered schedule data on 25 smaller projects from contract records, finding
that smaller contracts posted worse schedule performance than larger contracts. The authors also
found that several pre-contract factors affected schedule performance: advance scheduling, the level
of concurrency between development and production, the preliminary work breakdown structure,
use of anetwork format to present schedule information, and the number of reports required. The
authors aso found that the methods used to manage the schedule were not well understood by
Program Offices. They cited many observations from their efforts to collect data: Considerable
schedul e information was buried within a number of different RFP and proposal sections.

Schedule management requirements were rarely specified in a coherent and integrated
manner.

The work breakdown structure--a primary schedule document--was usually hidden in
the cost section of the proposal, implying a primary cost usage as opposed to schedule
focus.

Schedule management requirements were rarely proactive but were reactive to
problems once they occurred.

Only alimited number of techniques for managing the schedule were specified, so
sophisticated scheduling tools such as PERT or contingency schedules were rarely
used.

The schedule management sectionsin the RFP and contracts appeared to be derived
from the “ Copy-From™ principle taken word-for-word from previous documents.

The authors' efforts were hampered by the lack of schedule-related data for many programs
and the difficulty of gathering datathat did exist. Hazeldean and Topfer did not address issues
related to developing the initial schedule, concentrating instead on the effect of contracting-related
actions on adherence to the schedule.

C.2. Research on Schedule-Estimating Relationships

Bruce Harmon, LisaWard, and Paul Palmer of the Institute for Defense Analyses have
attempted to estimate the time required to develop new aircraft and missile systems.® ® The

" Hazeldean, Richard, and John Topfer. “Contracting for Schedule Performance: The Relationship Between Pre-contract
Award Actions by the DoD and the Resultant Schedule Performance.” AFIT Thesis. Wright Patterson AFB OH.
1993.

8 Harmon, Bruce, LisaWard, and Paul Palmer. “Assessing Acquisition Schedules for Tactical Aircraft,” Cost
Analysis Applications of Economics and Operations Research (proceedings of the Institute of Cost Analysis
National Conference), New York NY: Springer-Verlag. 1989. Pg. 259-280.

8 Harmon, Bruce, and LisaWard. “Schedule Estimating Relationships for Air-Launched Missiles,” Cost Analysis and
Estimating: Tools and Techniques (Proceedings of the Institute of Cost Analysis National Conference), New Y ork
NY: Springer-Verlag. 1990. Pg. 115-157.
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system parameters they studied included an item’ s weight, the number of engines, the wing area,
the percentage of titanium, and many other variables. Programmatic variables included
prototyping, contractor teaming, service, and contractor. These authors are now attempting to
uncover asimple relationship between a system’s physical characteristics and its schedule, much
like the apparent correlation between weight and cost of an aircraft. But no such relationship has
so far been found. The authors have found that programmatic aspects play asignificantly larger
role than system characteristics in determining project schedules and devel opment times. Mgjor
driversinclude funding levels, the use of prototypes, and the use of contractor teaming. Anaysis
of datistical relationshipsis limited by the lack of available data and the small nhumber of projects
studied, which included 9 aircraft and 14 missile programs.

Scott Boyd and Brian Mundt found similar results when they focused on 56 effortsto
develop transport, tanker, and bomber aircraft. The authors found that only two variables they
studied affected development schedule: whether the project entailed modifying rather than creating
an aircraft; and whether the project included a prototype phase. No physical characteristic of the
system affected time from the start of engineering and manufacturing development (EMD) to
delivery of thefirst production item.®* The lack of available data from which to base the analysis
was cited as the most significant impediment to devel oping effective schedule estimating
relationships.

C.3. Other Relevant Studies

The Packard Commission®

A central focus of the Packard Commission was comparing acquisition times between
similar commercia and the military projects. The commission found that military development
efforts took considerably longer and cost significantly more. The commission concluded that long
cycle times were a central problem in the acquisition process and caused many other problems.
The commission also concluded that military devel opment times were excessively long and could
be cut in half. It made specific recommendations for changing the structure of acquisition
organizations, which were quickly implemented. But despite these changes, acquisition schedules
have not been reduced. Interviewsrevea that the commission’s schedule-related goals are not
widely recognized.

% Scott Boyd and Brian Mundt. Schedule Estimating Relationships for the Engineering and Manufacturing
Development of Bomber, Transport, Tanker and Surveillance Aircraft Systems. Masters Thesis. Air Force Institute
of Technology. Wright-Patterson AFB, OH. AFIT/GCA/LAS/93-2.

# President’ s Blue Ribbon Commission on Defense Management. “A Formula for Action: A Report to the President
on Defense Acquisition” (The Packard Commission Report). Washington D.C. April 1986.



118 Reducing DoD Product Development Time: The Role of the Schedule Devel opment Process

Defense Science Board Reports

Many Defense Science Board reports have addressed devel opment times, beginning with
the 1977 report of the Acquisition Cycle Time Task Force. Many reports have since focused on
acquisition reform efforts, the use of commercia practices and components, performance-based
specifications, and research and devel opment strategies. Other studies have looked at devel opment
and manufacturing tools and practices. Anaysis has been largely based on case studies, briefings
on various efforts, and the judgment of the people involved. None of the Defense Science Board
reports have looked at the schedule devel opment process and its impacts on development time.

C.4. Conclusions of the Literature Review

Many respected groups have made significant efforts to identify causes of long
development times. Most studies have focused on the causes of deviations from planned schedules
or on total development time. A few have tried to estimate schedules based on project
characteristics. Most studies report being hampered by alack of detailed schedule-related data. No
studies have addressed the process used to develop aproject’ sinitial schedule or itsimpact on
development time.

D. Schedule Development Overview

D.1. Phases of Schedule Development

The three main phases entailed in developing and executing a project schedule include the
planning phase, the contracting phase, and the devel opment phase. Activities in each phase affect
the downstream phases.

Planning Phase

The planning phase occursin a project’ sinitial stages, when rough schedules are devel oped
to help organize the eventual effort. During this phase acquisition plans, strategies, and schedules,
funding profiles, and program objectives are set. Development of theinitia project schedule
establishestheinitial program objectives. These activities usually occur before the Milestone |
decision to initiate the project.

Contracting Phase

During this phase the development contractor is selected and awarded a contract based on
theinitia plans. This phase includes developing the requirements and objectives to be part of the
contract, devel oping the RFP, devel oping the contractor proposals, and selecting an appropriate
contractor and negotiating the contract. Through this process, theinitial project scheduleis
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converted to a contract schedule that is binding on the government and the contractors. The
contract schedule can be changed only by amending the contract.

Development Phase

Once the contract is signed, the development phase begins, and lasts until delivery of the
first product. This period may include developing, testing, and producing prototypes, and other
actions that affect the design of the product and the process used to make it. The schedule for this
period islargely defined within the integrated master schedule and the work breakdown structure
incorporated into the contract. Adherence to the schedule is tracked through a variety of methods,
including technical and financial reviews.

These three phases are followed by a production phase that yields the required number of
items. Schedulesin the production phase affect the time required to reach operational capability,
but they are not afocus of this study. For more information on production cycle times, see other
research conducted under the purview of the Lean Aerospace Initiative.®

Planning Phase Contracting Phase Development Phase |}

~—_ T~

Select Contractor

Develop Initial and Actual
Project Schedule Develop Contract Development
Schedule
Schedule
Project Contract First
Approval Signed Production

Item

Figure 4-4. Schedule Development Phases.

D.2. Actors and Organizations Involved in Developing and Executing Pr oj ect
Schedules Asdescribed in Chapter 3, the product devel opment process includes four primary
organizations:. the users, the Pentagon, the Program Office, and the defense contractor. These
same organizations play acritica rolein devel oping the schedule and determining the duration of

8 |ean Aerospace Initiative research is available through the LAl web site at http://lean.mit.edu.
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the development effort. These four organizations also contribute to defining and executing the
development effort.

Users

The users are typically the mgjor military command that will employ the equipment. The
users devel op modernization plans and requirements, as well as a preliminary program objective
memorandum outlining the preferred allocation of resources. The individuals responsible for a
given project are spread over severa organizations. major command headquarterstypically includes
aplanning organization, a requirements organization, and afunding organization.

The Pentagon

The Pentagon organi zations key to devel oping program schedules are those involved in the
requirements, funding, and acquisition processes. The primary interfaces between individual
projects and other various groups within the Pentagon are the program el ement monitor, the
acquisition action officer, and the requirement action officer. These officers are spread between
offices of the Assistant Secretary of the Air Force for Acquisition, and the Air Force Deputy Chief
of Staff for Operations, depending on the operationa status of the weapon system. The various
officesin the Pentagon make the final decisions on requirements, funding levels, and major
acquisition issues.

The Program Offices

The Program Offices are the primary acquisition organizationsin the Air Force, and are
responsible for contracting for product development. Each Program Officeis organized around a
major weapon system or set of similar systems. The Program Officeisled by a program director,
typicaly acolonel. The average Program Office has many devel opment programs under way,
ranging from amajor aircraft project to small upgrades. Each effort isled by a program or project
manager, whose rank depends on the project’ s size, scope, and cost, and an associated team. The
Program Office and the project manager are the primary links to the contractor, and they develop
the acquisition plans, the RFP, and source selection criteria.

Defense Contractor

The early stages of a project may include a number of competing development contractors.
The contractor’ s proposal includes a detailed schedule of the actions to be undertaken as part of the
contract. This schedule becomes the basis for the contracted schedule used throughout the
development phase. The central individual within the contractor organization is the program
manager—typically the proposal manager, who has been very involved in establishing the
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proposed schedule. Once on contract, the program manager must ensure that the cost, schedule,
performance, and financial objectives are met.

Other organizations that play arole in the schedule are the Department of Defense,
suppliers, testing organizations, personnel organizations, training organizations, and logistics
organizations. These organizations play a secondary rolein determining schedules.

Chapter Summary

No significant effort has attempted to characterize the process used to develop the initia
schedule for military development projects. Preliminary research conducted as part of thisthesis
indicated that the initial project schedule may play a significant role in determining the time required
to develop projects. Others within the Lean Aerospace Initiative are exploring organizationa and
engineering avenues for reducing product development time. Thisindicates that research on
development of theinitia project schedule and itsimpact an appropriate focus of considerable
effort.






Chapter 5

Resear ch M ethodology

A. Exploratory versus Hypothesis-Driven Resear ch

The two major approaches to studies of this type are exploratory-based and hypothesis-
based research. Exploratory research is a broader, more open-ended approach that allows
examination of many factors that may affect the processin question. Hypothesis-driven research
establishes a presumed mode by which a system operates and then proves or disproves the
hypothesis. Hypothesis-driven research is very effective when building on research in areas with
severd theories of how a system works. In the area of developing initia project schedules, thereis
no apparent consensus and little previous research on how the process works. Any attemptsto
define atestable hypothesis before doing the research would not seem to stand a high chance of
success in addressing all the issues that may affect initial project schedules. There are also widely
varying opinions of causes of long cycle times for defense systems. Exploratory research alows
many more leads and avenues of investigation to be followed and analyzed. Because of these
factors, | decided that my research into the schedule development process and its impacts would
have abroad scope. It would attempt to explain how the schedule development process works,
and characterize the impacts on development time, rather than define afew specific hypotheses that
might or might not prove relevant when the data are analyzed.

123
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B. Level or Unit of Analysis

Theindividual development project was chosen as the appropriate level of analysisfor this
research. Thetypical approach has been to regard schedules and schedule dlip for major
acquisition programs as asingle entity. Thistypicaly has limited the analysisto magjor defense
acquisition programs or weapon systems. But the program-level data can hide the factors driving
the schedules of various subordinate development projects. Those data may also mask specific
problems and issues encountered with one project within an overall program.

Analysis of individua development projects alows alarger number of projectsto be
studied, and the factors driving each project to be identified. Smaller projects are often grouped
together to form larger development programs, but they may also stand alone. Some Program
Offices have alarge number of project-level development efforts. One Program Office for amature
aircraft system followed over 66 different projects. Those projects can have separate schedules
and budgets, and are often accomplished through different contractors or teams within a primary
contractor. One example of a separate development project within alarger programisthe Crew
Training System for the Joint STARS Aircraft Program. But not all programs are run as separate
efforts. For highly integrated development efforts such asthe F-22, it is more difficult to separate
many of the development efforts from the central project. In that case, it may be more meaningful
to look at the entire program as a single development effort.

Another dternative isto look at the development phases--phase |: demonstration and
validation, and phase |1 engineering and manufacturing development--within aproject. But many
projects have only a single development phase, and the activitiesin phases| and Il are often not
distinct or distinguishable. A long first phase can lead to a short second phase, with no effect on
actual development time.

| decided that the appropriate level for thisresearch istheindividua project level and
program level, where the program could be considered a single large development project. This
level provides the most information about the schedule development process and itsimpact on the
eventual project schedule.

C. Depth versus Breadth of the Resear ch

Theissue of depth versus breadth of research isimportant given the limited resources and
time for research projects. An in-depth study of asingle areawould allow for afull description of
the process but might leave out related areas that may play asignificant role. Theissue of depth
versus breadth of this research has been partially addressed by limiting this research to the area of
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the schedule devel opment process and its effects on product devel opment time. Within the specific
area of development of the project schedule, the research is broader and covers arange of potential
issues.

The question of depth versus breadth also applies to the individual projects studied. One
can study afew projects in-depth or alarge number of projectsin less depth. Research conducted
as part of the Lean Aircraft Initiative has relied on both broad-based surveys and in-depth case
studies, depending on the objectives of the research.

The overdl intent of the Lean Aircraft Initiative and of this research is not smply to identify
issues in defense acquisition and the defense industry, but to improve the defense acquisition
system and the defense industry. For the results of this research to achieve the desired widespread
change, it must be possible to draw broad-based conclusions and recommendations that apply to a
large number of projects, not just afew individual cases. Because of the unique nature of each
development effort, thisimplies that in-depth research on even afew carefully selected projects
may not be representative of the issues affecting other projects. Without alarge number of case
studies, it may be difficult to demonstrate convincingly that the issuesin the case studies are
applicable to abroader set of projects. Other research on schedules based on a limited number of
case studies has not cut development times. | personally observed thisresult early in my research,
when | presented data on one current project. My early conclusions were discounted as unique to a
special case and not applicable to a broader set of projects. No set of current projects could be
found that would be widely accepted as representative of the acquisition process. Each project
encompasses unique circumstances and issues. Thus| decided that to have the desired impact on
acquisition policy and practice, | must evaluate awide range of projectsto determine influences
affecting al of them, and discover which influences affect which projects.

D. Evaluating Available Schedule-Based Data

When trying to determine what scheduling data exist, particularly for individual projects, |
quickly found that very little information was available. | did identify and evaluate many potential
sources of information. These are described in Table 5-1 below.

| did not locate any database or list of current project-level development efforts, let alone
one that contained the needed schedule-based information. The data that could be located were
often based on defense acquisition executive summaries (DAES), acquisition program baselines
(APB), and selected acquisition reports (SAR). Data available through these sources are limited to
major defense acquisition programs. None of the databases identified contained more than the
resulting project or program schedules. The database for project schedules devel oped by the
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RAND Corporation from the selected acquisition reports was most useful, because it wasin a
format that allowed for analysis.

The available data did not provide any basis for discovering what factors determine the
length of schedule estimates. Justification for schedule estimatesis not required, unlike for cost
estimates. To conduct meaningful research on the schedule devel opment process, | would clearly
have to collect original data.
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Acquisition Program Baselines: A database of program baselines is maintained by the Acquisition
Program Integration (API) of the Office of the Secretary of Defense (OSD) for all ACAT | programs.
These baselines consist of cost, schedule, and performance parameters. The data contained in the
files consist only of the resulting schedules and do not contain any rationale or justification for the
duration of the project. Thisinformation can provide information on project slip but not insight into
the schedul e devel opment process.

Defense Acquisition Executive Summary: DAES is a quarterly report each major program submits
to OSD detailing the progress of a particular program. The reports are maintained in paper form but
are being moved to electronic files. The reports are required for all ACAT | programs. Program
reporting does not occur until after projects begin, which eliminates the possibility of collecting data
on the planning phases that lead to initiation of a project.

Cost Accounting Reporting System: The CARS database includes information pulled from the
DAES reports that tracks cost and schedule progress. This database contains information on each
major defense contract, but does not include early information on schedule development.

Selected Acquisition Reports: SAR are the official reports OSD submits to Congress detailing
progress on major programs. These are similar to the DAES reports but occur annually. They do
not appear to be useful in analyzing drivers in the schedule development process, but they can
indicate whether programs are adhering to their planned schedules. Several groups have used the
SAR reports for analyzing cost and schedule performance.

RAND Selected Acquisition Database: The RAND Corporation has developed a database from the
selected acquisition reports that allows easier access to and analysis of the data. This databaseis
limited to major defense acquisition programs and does not shed light on the schedule devel opment
process, only on the resulting planned and achieved schedules.

Defense Budget Databases: Defense budget databases are available for analysis at the Pentagon.
These databases could show the amounts allocated for particular programs in a Future Y ears Defense
Program, allowing them to be tracked over time. But although data on individual projects may be
available in some cases, a majority of development efforts would be contained within major programs
and not broken down into aindividual budget items. The data are thus difficult to align with
individual development efforts. Many such efforts receive money from different funding line items,
and tracking an entire project budget is not practical given the complexity of using the database.

Milestone Approval Database: For many years, Air Force headquarters had maintained a database
of major milestone decisions, but the office stopped maintaining the database several years ago owing
to changes in the organization and budget cuts. This database included projected milestones but did
not provide information on development or justification of the project schedule.

Requirements Document Databases: Air Force headguarters maintains a database of operational
requirement documents and mission needs statements. These documents include some of the earliest
actions associated with projects but do not provide a significant amount of scheduling information.
Most of the information isin paper format, with only alimited amount entered into a database.

Program Office Records: Program Office records contain little information on development of
initial project schedules.

Table 5-1: Available Schedule-Related I nfor mation.

E. Research and Data Collection M ethods

Because alarge number of projects needed to be studied to provide a clear understanding of
the schedule development process, and the required data did not exist, a significant data collection
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effort was clearly required. Several methods and considerations were taken into account in
determining the best method for collecting the needed data. Traditionally, research into defense
acquisition issues has primarily focused on case studies and applied lessons from one project to
future projects. Thisprocessis complicated by great differences among projects and the
surrounding circumstances. Ascertaining which lessons apply to different projects, and in what
cases, is difficult using the case study methodology.

Several standard research methods were evaluated for collecting information on the
schedule devel opment process. Those methods included interview-based research, archival
research, case study-based research, and survey research. Each process has advantages and
disadvantages, and is appropriate in different circumstances. A short discussion of the issues
entailed in selecting the research method follows. The processes and a short description are
included in Table 5-2 and Table 5-3.

Interview-Based Resear ch: Interviews of key actors are an effective method for gaining a
broad understanding of a process. But interviews do not supply the amount or type of data needed
to convince policy makers within the Department of Defense to change course. Interview data
strongly depend on who isinterviewed and are open to significant interpretation on the part of both
interviewee and interviewer. Groups with senior members such as the Defense Science Board
often rely on interview-related research to change policies, but aless senior researcher relying on
that approach was unlikely to be successful. Thus| conducted many interviews with people
working at the Pentagon, Program Offices, and defense contractors to establish the scope of the
research and identify the issues involved, but did not rely on them as the primary source of datafor
this research.

Archival-Based Research: Archival-based research relies on reviewing program documents
and gathering the required information from them. A review of Program Office records was
eliminated as the primary research method owing to the lack of recorded information on the
processes used to develop initial project schedules. Other researchers reported similar findings.®

8 Drezner and Smith. RAND Dec 1990; Hazelton and Tofler. AFIT 1993; Boyd and Mundt AFIT 1993; Harmon and
Ward 1990; Tyson, Nelson, Om, and Palmer 1989.
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Case Study-Based Resear ch: Case studies provide an opportunity to examine afew projects
in depth, allowing for thorough analysis of the processes entailed in those programs. The magjor
issue iswhether the results from afew programs adequately represent amajority of projects, and
whether circumstances surrounding those projects are unique. The applicability of the resultsis
highly dependent on the projects studied, and the number of case studies that might have been
undertaken was limited by resource and time constraints.

Nevertheless, | did conduct an in-depth case study as well as several more limited case
studies to identify and frame theissues. This research was invaluable in developing the surveys.

Survey-Based Research: A survey method alows for study of alarger number of projects but
not at the depth of a case study. The types of questions that can be asked and the total length of the
survey limit survey-based research. But proper sampling methods and alarge number of
respondents can ensure that the results accurately reflect the population of projects. Such surveys
can reveal the general nature of the process used to develop project schedules. Relying on data
collected from an array of defense devel opment projects provided a more robust database from
which to draw conclusions and base recommendations.

For this research, a broad-based survey of current development projects offered a better
opportunity to specify the general nature of the process. The broad-based survey ensured that the
results would be representative of the schedule process as awhole and not just the particular
circumstances surrounding a particular project. The survey method was augmented primarily by
interviews, case studies, and literature reviews to understand the issues involved both before
devel oping the surveys and during analysis of the results. Discussion groups and interviews were
conducted at product centers and within the Lean Aircraft Initiative to review and help interpret the
survey resultsto gain afull understanding of their meaning.

M ethod Advantages Disadvantages
Interview Easy to conduct Results dependent on the experiences
Resear ch/Discussi | Doesnot rely on extensive Of_ those Intervi ewed o
on Groups datacollection Difficult to rectify difference of opinion
Captures experience of others | Unlikely to change policies
Archival Research | Datarecorded at time of Limited schedule-related data available.
events Difficult to understand issues involved.

Poor documentation of development of




130 Reducing DoD Product Development Time: The Role of the Schedule Devel opment Process

initial project schedules.

Case Study
Resear ch

Allowsfor in-depth
examination of schedule

development issues on severa

projects

Limited number of potentia projects

Each project has specia circumstances
that may make drawing broader lessons
difficult

Survey-Based

Allowsfor alarge number of
projects to be studied

Limited insight into each program

Resear ch o _ Limited to size and scope of survey
'I’A\elsll(jlvt\{ss statistical analysis of Limited to depth of questions

Literature Many sources on commercial | Few authoritative sources on

Resear ch product development efforts | developing defense products

No literature on devel oping project
schedules for defense systems

Lessons from commercia projects may
not apply to military projects

Table 5-2: Summary of Advantages and Disadvantages of Various Resear ch
Methods Considered or Used in this Research.

M ethod Initial Research Schedule Follow-up
Scoping Development Analysis and
Resear ch Inter pretation
I[)r}'tsiruvslgv(\;?] and Many interviews were Used to develop and test | Interviews and group
Groups conducted with awide the survey. Ensured discussions were used
range of people from data availability. to understand survey
government, industry, and results and screen
academiato understand recommendations.
issuesrelated to
development time.
Archival -
Used to locate available
Resear ch data. Few useful data
found at Program Offices.
ggssgaftclﬁdy A mgjor case study and Results of case studies
several smaller case studies | used to develop surveys.
were conducted to
understand the issues
involved in developing
project schedules.
gérsggy CE’ ased Three surveys used to Analysis based on
collect dataon projects. | database from
surveys.
Eggég:lé;e An extensive number of Used to identify potential

books, papers, articles, and
course materia were

survey questions and
wording.
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reviewed to set scope and
frame for the research.

Table 5-3: Research Methods Used During Various Stages of Resear ch.
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Chapter Summary

This research selected an exploratory vice a hypothesis-driven research approach. Little
previous conclusive research and widely varying opinions among defense leaders indicated that a
broader study of the schedule-related issues was warranted than hypothesis-driven research would
alow. The individual project was selected as the appropriate level of analysisfor thisresearch as
it was felt that only at the individual project level could the factors influencing a project’ s schedule
and the impacts of that schedule be determined. An analysis of the available schedule related data
indicated that significant data collection would be required. To collect the data, the survey-based
method was selected as the appropriate method asit allowed for awide array of projectsto be
studied.



Chapter 6

Project Surveys. An Overview of Program Office,
Contractor, and Pentagon Surveys

A. Survey Objectives

The objectives of the surveysfor this research were to document and describe the schedule
development process and itsimpact on eventual product development times. The surveysdid this
by gathering information about projects representing a cross section of defense aerospace products.
Two of the surveysfor this research were conducted jointly with Dr. Eric Rebentisch of the Lean
Aircraft Initiative, who was studying issues associated with managing programs with unstable
funding.

B. Overview of the Three Surveys

Prior to developing the surveys, | identified the key players that influence schedules, and
the types of information needed to characterize the schedule development process. | recognized
that respondents’ perspectives might depend on the organization to which they belong and the level
from which they view the development effort. To obtain a comprehensive look at the schedule
devel opment process across various organizations, a multi-level set of surveyswas chosen. These
surveys were conducted at the Pentagon, the Program Offices, and the defense contractors.

The three surveys were designed to collect information on the development of project
schedules and the projects’ adherence to those schedules. The surveys were structured to gather
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the information readily available to people working in the different organizations. The three
overlapping surveys were also designed to provide either corroborating or supporting responses
among organizations, and to identify and highlight the differences.

To obtain information on individual projects, the surveys targeted project managersin the
Program Offices, project managers in prime contractor companies, and program element monitors
or action officersin the Pentagon. These people were in a position to possess the most knowledge
and understanding of the schedule development process, as they make decisions or at least make
recommendations for their projects within their organizations. The surveys were time-phased to
allow meto identify additional areas of interest, add questions, and change wording on subsequent
surveys. The surveys were completed over a one-and-a-half-year period. The Program Office
survey was mailed in January 1996 and returned by June 1996. The contractor survey was mailed
in June 1996 and returned by October 1996. The Pentagon survey was mailed in January 1997
and returned by May 1997. The difference in timing did not affect the results, as many of the
projects have been in development for significantly longer periods, and the time required to change
the system is significantly longer than one year.

C. Survey Development

A literature search was conducted to uncover factors affecting both defense and commercial
product development. A list of potential questions was developed to cover the range of issues
associated with devel oping project schedules.

Thefirst survey developed was the Program Office survey, designed to explore issues
associated with both schedules and program instability.®* Several different types of questions
were created to gather factual and perceptual datafrom respondents. Questions to gather factual
data requested specific information believed to be readily available to respondents based on pre-test
results.

Some of the needed information concerned peopl€’ s perceptions and interpretations of
events and their influence. Thus while most questions were specific to make data analysis easier
and force concise responses, some open-ended questions were included to give respondents an
opportunity to explain specific circumstances. Different scales were used depending on the nature
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of the questions and the information desired. In all cases, the questions were structured to collect
the required information and to ease the burden on respondents. Examples of questions and the
method used to analyze the results can be found in Chapter 7.

The surveys were organized into major sections that focused on the characteristics of
individual projects, their costs and cost growth of projects, scheduled-related information, and
personal information on respondents. This separation ismore evident in the later surveys, as
significant learning occurred during collection of the data from the first survey.

Each survey was reviewed and pre-tested in several settings. Throughout their
development, draft copies were assembled and circulated among fellow researchers for comment.
Early drafts were then reviewed by a sample of program managers at Hanscom Air Force Base
(AFB) inaninterview format. After their comments were incorporated, the survey was given in
final draft form to 15 project managers at Hanscom AFB. These program managers provided both
data and comments on the survey. They a so estimated the time respondents would need to
complete the survey (between 1 and 3 hours, depending on their direct knowledge of a project),
and a breakout of the time required for each section. These people’ s comments and suggestions on
both content and wording were very helpful and were incorporated into the final survey.
Subsequent surveys used questions similar to the Program Office survey and were reviewed by the
respective organizations and a representative group of potential respondents prior to distribution.

D. Survey Limitations

The survey method has a number of limitations: The number and content of questions that
can be asked are limited, and the length of the survey must be limited to avoid affecting the
response rate significantly. The information collected is also dependent on the respondents
knowledge of the eventsin question, their ability to find the information, and their willingnessto
provide that information. The accuracy and completeness of the responses cannot be controlled.

A target limit was placed on the number of pages of the survey based on survey literature.
Prior experience within LAI aso indicated that the response rate would decline proportionally with
the length of the survey. Every effort was made to limit the questions to areas deemed necessary to

8 The Program Office survey and the contractor survey were conducted jointly with Dr. Eric Rebentisch with the Lean
Aircraft Initiative. Dr. Rebentisch was studying Program Instability in Defense Projects. Hisresearchis available
through the Lean Aircraft Initiative. “Managing Under Program Instabilities.” LAl Draft report.
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describing the scheduling process and instability issues. The length of the contractor survey was
limited even further at the direction of the sponsoring organizations.

Surveys are aso limited in their ability to measure prior events, as peopl€ s recollections
may fade and later events may affect interpretations. Thisisaproblem with al research. A
decision was made to use the retrospective approach because of the excessive time entailed in in-
situ research. There was no option other than to rely on respondents’ recollection and
understanding of events.

Surveys are also limited by the willingness of respondents to provide information. To
surmount concerns about the use of the information, strict assurances of confidentiality were
provided. | promised that the information would be masked if it became apparent that an outside
person could connect the responses with a specific project.

E. Organizations Surveyed

When determining which organizations to survey for the Program Office survey, Dr.
Rebentisch and | decided to include those focused on the entire selection of aerospace products
across al three services. Previous studies had been severely limited in the number of projects,
which in turn limited the use of statistical analysis. Surveying all aerospace development projects,
and not relying on any predetermined selection criteria, avoided any selection bias. The projects
included would depend only on the cooperation of the organizations and individual respondents.

Air Force organizations identified included groups from all three services. The Air Force
organizations were the Aeronautical Systems Center at both Wright-Patterson Air Force Base and
Eglin Air Force Base, the Electronic Systems Center at Hanscom Air Force Base, and the Space
and Missile Systems Center at Los Angeles Air Force Base. The Navy organization primarily
associated with developing aerospace productsisthe Naval Air Systems Command (NAVAIR).
Army organizations associated included the Army Aviation and Troop Command (ATCOM) and
the Army Tactical Missile and Missile Defense programs at Redstone Arsenal. Other Air Force
projects run from the Air Force Air Logistics Centers were not primarily development efforts and
were not included in the surveys. Often an associated Program Office within the various
development centers runs many of the devel opment projects for mature systems, primary
responsibility for which isformally transferred to logistics centers. We decided that excluding the
logistics support centers would not compromise the representative nature of the project samples,
and would not impact the integrity of the survey.
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The population of development efforts included awide range of project sizes and awide
variety of systems. Since the goal was to describe the schedule development process across the
entire range of projects, it was important to include the full range within the target survey sample.

To develop alist of ongoing projects and their project managers, we contacted all the
development centers. Many of the product centers did not maintain alist of ongoing devel opment
projects but instead provided lists of the organizations involved. No centralized list could be
found, for example, of ongoing development projects at the Air Force level, the center level, or
even the Program Office level. In many cases, it was necessary to call each Program Office
directly and speak with various team leaders to identify the set of ongoing projects. Despite
significant efforts, a suitable list of projects was not developed from the Air Force Space and
Missile Systems Center, and its participation in the study was dropped. 1n several casesthe
organi zations requested that the smallest projects be excluded (Aeronautical Systems Center and
ATCOM), or provided only the mgjor programs (NAVAIR). Thisresulted in a higher percentage
of larger programs in the sample than may occur in the population of projects asawhole. Both the
Aeronautical Systems Center and the Electronic Systems Center provided information on alarge
number of projects and significant support in ensuring that the surveys were completed. Asa
result, asignificant percentage of the returned surveys represent ASC and ESC programs. As will
be shown later, there was no significant difference in survey results between larger and smaller
projects or among different product centers. Thus there did not appear to be any bias effect
stemming from the surveyed population. In total, 430 ongoing projects were identified at the
Program Office level, and surveys were mailed to all 430 project teams.

The contractor survey relied on the willingness of the companies to participate and our
ability to identify suitable projects and appropriate respondents. Two methods were used to
identify projectsfor thissurvey. The Program Office survey asked the program managersto
identify the contractor program manager and provide an address. And companies participating in
the Lean Aerospace Initiative helped identify projects. The sampled population included all
projects identified in the Program Office survey and all projectsidentified by LAI associated
contractors that el ected to participate.

An effort was again made to identify every significant development project and send a
survey to each. No effort was made to select or exclude specific projects from the survey based on
performance. 1n addition, we agreed to shield from people other than the researchers any
identifying information that would allow responses to be associated with a specific project. In
total, 250 individual projects and their program managers were identified for the contractor survey.
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For the Pentagon survey we adhered to the same philosophy of identifying the entire
population of interest and sending surveysto all. The Office of the Assistant Secretary of the Air
Forcefor Acquisition provided alist of al Air Force program element monitors and associated
action officers. Aswe attempted to identify Army and Navy program element monitors, we
discovered that those services consolidated their program elements, providing lessinsight into
individual development projects. We therefore decided not to include Navy and Army program
element monitorsin the Pentagon survey.

Thelist of program elements and program element monitors was screened to eliminate the
elementsthat clearly did not oversee any development efforts. Surveyswere mailed to al 225
program element monitors and action officers who might oversee devel opment efforts.
Approximately 100 of the 225 program element monitors responded that they did not oversee any
appropriate development-related activities.

Since many of the program element monitors oversaw several program elements containing
many development efforts, each monitor and action officer was asked to answer only one survey
for asingle project with which the officer was most familiar. Having the program element
monitors complete more than one survey was not seen as practical nor likely to be successful.
While this allowed less control over the population of projects and may have alowed for some
selection bias on the part of the monitors, the returned surveys matched the general demographics
of the other two surveys. We judged that data obtained on projects with which the monitors were
most familiar would be of higher quality and more accurate than responses on a project they were
only peripherally aware of. Allowing the monitorsto select the project was assumed to boost the
response rate.

We did make alargely unsuccessful attempt to direct program element monitors to projects
already included in the Program Office and contractor surveys, to provide direct overlap. But the
limited number of respondents and less-than-optimal response rates resulted in alow number of
overlapping surveys. Only 8 surveys pertained to projects in both the Pentagon and Program
Office surveys—not enough for meaningful statistical analysis. A visual inspection of the
responses did not reveal any large differences between Pentagon and Program Office responses on
the same projects.

In total, 905 potentia respondents were identified at the Program Offices, the defense
contractors, and the Pentagon levels. Surveys were identified by project and addressed to the
project manager or program element monitor of the specific project identified. Program element
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monitors with several projects were mailed a single survey and asked to select asingle project as
described earlier. A survey number tracked each survey.

F. Response Rate and Effortsto Improvelt

Prior to and following the distribution of each survey, significant efforts were made to
improve the response rate. Efforts taken prior to the Program Office survey included obtaining
senior management support at the product centers and among the Air Force acquisition staff. Mr.
Blaise Durante, Deputy Assistant Secretary of the Air Force for Management Policy and Program
Integration, signed a cover letter directing the Program Offices to complete the survey.

A multi-step process was used to boost the response rate following distribution of the
Program Office surveys. A follow-up letter to each recipient was sent, succeeded by phone calls.
A few weeks later, a message was sent from the commander’ s office at each product center
directing recipients to return the surveys. A few weekslater alist of people that had returned the
surveys and those that had not was provided to the command sections of each center, and a second
message from the commander’ s executive officer was sent to each recipient. Later additional
individual calls were placed to individual s to encourage them to return the completed surveys.
Replacement surveys were mailed to those who had lost them, and additional surveyswere
provided to the individual s requesting them when contacted.

The efforts to boost the response rate did not have a dramatic effect on the number of
surveysreturned. Similar efforts were made for the contractor and Pentagon surveys.

The final response rates for the three surveys were 35 percent for the Program Office
survey, 42 percent for the contractor survey, and 49 percent for the Pentagon survey. This
excludes responses from the program element monitors that indicated that they did not have any
development projects within their program elements.

G. Respondent Profiles

Between the three surveys, 317 completed usable surveys were received: 151 Program
Office surveys, 104 contractor surveys, and 62 Pentagon surveys. Surveys and responses
received but incomplete or lacking information were not included in the analysis. The complete list
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of projects whose managers responded is provided at the end of the chapter in Tables6-1, 6-2,
and 6-3.

The projects represented in the responses can be characterized in many different ways,
including by cost, acquisition phase, product type, production cost, and year the project was
initiated. That information is provided to show the types of projects from which the data are
culled. Because no description of the total population of development projectsis available, no
comparison to the total population can be made. The consistency of the distribution and project
characteristics across the three separate surveys provides some evidence, although not proof, that
the surveys represent a reasonabl e cross section of ongoing Air Force development efforts.

The respondents oversee different types of projects, from aircraft-related systems through
software-dominated systems. Figure 6-2 below shows the distribution across different types of
systems. The responses cover a significant number of projects from each category, with alarge
number from aircraft avionics programs. The absence of spacecraft-related systemsin the Program
Office survey and the contractor survey is due primarily to the exclusion of the Air Force Space
and Missile Systems Center from that survey, and to the focus of the companiesinvolved in the
Lean Aerospace Initiative at that time.

The projects can aso be grouped into acquisition categories (ACAT), defined by the size of
the project. ACAT | projects are the largest, with over $355 million in development costs and $2.1
billion in production costs. These are considered the major defense acquisition programs. ACAT
Il projects have between $355 million and $140 million in development costs. ACAT 11l and IV
projects have less than $140 million in development costs. There was no significant difference
between the distribution of ACAT levels between the Program Office respondents and Pentagon
respondents, indicating that they represented a similar distribution of projects. Comparison of the
distribution of ACAT projects with the contractor survey was complicated by the large number of
respondents who did not indicate the ACAT level for their devel opment effort.
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Percent of Projects (%)

Figure 6-1: Percentage of Respondents by Survey and System Type.
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Figure 6-2: Distribution of the Acquisition Category (ACAT) of Responding
Projects by Program Office, Contractor, and Pentagon Surveys.

Identifying the acquisition phase of a project provided another way to characterize the
respondents. The largest number of projects were in the engineering, manufacturing, and
development phase or earlier stages. A significant number were in the production phase, and afew
were in the operations/sustainment and close-out phases. Projects covered in the Program Office
survey had a higher probability of being in the production phases than the projects covered in the
other surveys.
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Figure 6-4: Respondents by Acquisition Phase for Program Office, Contractor,
and Pentagon Surveys (Number of Projects = 317).

The projects surveyed can also be characterized by the amount of technological advance
required in their systems. Aswould be expected, a significant number are based on either anew
technological generation or incremental improvements, and a smaller number are based on
revolutionary development or little or no improvement. When broken out by survey, the responses
indicate no significant difference between the surveys and expected results as if they had sampled the

same general population.
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Figure 6-5: Respondents by Amount of Technological Advance in the Pentagon,
Program Office, and Contractor Surveys (Number of Projects = 317)
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Figure 6-6: Distribution of Respondents by L evel of Technological Advance for
Program Office, Contractor, and Pentagon Surveys (Number of Projects = 317)

Another way to characterize respondentsis by the cost of the development effort they
oversee and the cost of the expected production effort. In the following charts, the cost of the
systemsis grouped by the order of magnitude of the cost of the development and production

phases.
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Figure 6-8: Planned Production Costs of the Projects Surveyed.

Another way the projects can be characterized is by the year of their initiation. Most of the
projects respondents described are less than five yearsinto their development phase. Thisindicates
that they represent current development practices. This aso indicates that many respondents had
firsthand knowledge of the information requested, or enough knowledge of the corporate schedule
development process to answer the questions accurately. Many older projects were aso included
by respondents, some dating back a considerable length of time. The dropoff in the number of
projects started in 1996 may reflect the timing of the surveys. The Program Office survey was
conducted at the beginning of 1996, so projects begun after that date would not be included.
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Figure 6-9: Year of Program Initiation by Survey Respondents.

The apparent bias of the respondents toward more recent programs is preferable, in that
they represent current development practices. That means that the survey results indicate how
acquisition processes are presently working, and not necessarily how they have worked in the
past.

Thereisawide spread of development times. The average time from program initiation to
first production item was 76 months. A significant number of projects reported development times
in excess of 10 years.

umber of Projects
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Figure 6-10: Development Time from Program Initiation to Delivery of the First
Production Item for Surveyed Projects (Number of Projects = 225; Average

Development Time = 76 Months)

Since thereisno availablelist or characterization of al ongoing projects that could be used
as acomparison, it is not possible to determine if survey respondents represented a cross section of
ongoing projects. The similarity of distribution of project characteristics among the three surveys
has already been noted. These similar distributions include the type of project, the size of projects
(ACAT), the acquisition phase, and the scope of the technological advance. These results provide
additional confidence that the surveysfairly represent the set of ongoing projects.
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Chapter Summary

The three surveys were designed to gather the necessary data on the schedule development
process from Program Offices, the Pentagon, and defense contractors. The survey attempted to
survey all military aerospace defense projects. A total of 317 completed responses were received.
Characterization of the responses indicated that they adequately represent current military aerospace
development efforts.
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Table 6-1

Projects Over seen by Pentagon Survey Respondents
(Program Element Monitorsand Action Officers)

60K A/C loader

Aces|| Ejection Sest

Advanced EHF

Advanced Airborne Interceptor
AIM-9X

Airborne Laser (ABL)

AMRAAM P3I P3

AWACS Multi-Source Tactical System
B-1B Defensive Avionics Upgrade
B-52 Advanced Weapons I ntegration
C-130 AW/APN-59 Radar Replacement
C-130J

C-130J Aircraft Annex

C-141 All Weather Flight Control
CTAPS 5.2 Software

Cv-22

Combat Survivor Evader Locator
Common Missile Warning

Defense Satellite Communications
Déliberate Crisis Action Planning Deployable
C3 Communications

DIRECT

EARC Night Vision Imaging System
Environmental Satellite System Evolved
Expendable Launch Vehicle

F-16 NVIS Pre-Block 40

F-16 Onboard Oxygen Generator

F-22

GCSS-AF

Global Wesather Analysis and Prediction
Guidance Replacement Program

Have Stare

IMDS

IW Weapon System Vulnerability
KC-135 Multipoint Refueling System
KC-135 Simulator Upgrade Visual
Joint Air to Surface Stand-Off Missile
Joint Strike Fighter

Joint SIGINT Family

JSESST

Life-Cycle Cost Reduction Initiative
MILSTAR Terminas

NCMC- TW/AA System

NPOESS (Nationa Polar Orbiting
Environmental Satellite System)
Predator UAV

Small Tacticd Termina (STT)
SOF/Rescue

Space-Based Infrared System (SBIRS)
Space Warfare Center

Strategic War Planning System

SSMIS Tactical Westher Radar

Titan IV Space Boosters

Theater Airborne Reconnaissance System
Tri-Service Embedded GPS/INS
Wind Corrected Munition Dispenser
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Table 6-2 Projects Overseen by Contractor Survey Respondents (Program

Manager s)

A-10 Laste

A2100 LDAs

ABL - Airborne Laser Program
AC-130 NAV/FCO Test Bed
Advanced IRST

Advanced Propulsion Materials
Affordable Multimissile Manufacturing
Air Route Surveillance Radar Mode
ALQ 131 FMS

AN/ALQ-126B

AN/ALQ-144/144A

AFMSS

APG-73 Phase 2 (Recce)

Advanced Unitary Penetrator

AF Joint Technology Demonstrator
Affordable Composites for Propulsion
Anti-Helicopter Munition
ANAPQ-174D MMR EMD

ARPA Advanced Ceramic Technology
Autonomous Intelligent Submunition
AV-8B Re-manufacture

B-1B Avionics

B-1B Bomber Integrated Logistics
B-1B Conventional Mission Upgrade
B-1B Production/AN/ALQ-161A

B-1 Training System

B-2 PartsEMD

B-2 Parts Production

Boeing 777 Floor Beams

C-12 Avionics Prototype kits

C-17

C-17 Aircrew Training System

C-130 H2

C-130J Displays and Computers
Combat DF

Commercial Turboprop

Cv-22

DELTA 11

E-6 Orbit Improvement Systems
EF-111 System Improvement Program
Exoatmospheric Kill Vehicle Sensor
F-14 LANTIRN Integration

F-15

F-15AVTR

F-15 APG 63(V)1 (APG-63 Radar RM
F-15S to Saudi ArabiaFMS

F-16

F/A-18 E/F

F/A-18 E/F AMAD Aircraft Mounted
F-22

F-22 EW

F-22 RAIU

F-22 CNI

F-22 Main Electric Power Generator
F-22 Radar

F117 Propulsion for C-17 Aircraft
F100 Component Improvement Program F414
FADEC

Gunship Spares

Horizonta Technology Integration Integrated ESM
JDAM - Joint Direct Attack Munition
Javelin

Joint Air to Surface Stand-Off Missile
Joint STARS

Joint Strike Fighter

JPATS - Joint Primary Aircraft Training
LANTIRN F-14

Launcher Avionics Package

LCA IFCS

LMD/KP

Longbow

Longbow Apache

Longbow FCR

Longbow Missile

M-1 Tank (General Dynamics)
MAFET Thrust 2

Mast Mounted Sight

Milstar Terminal (AF)

Missile Tracking System

MQM107D

Navy Landing System

Navy Joint Technology Demonstrator
Peace Shield

RAH-66 Comanche

RAH-66 Comanche CNI

SEA Transmission

Sensor-Fuzed Weapon

Sensor-Fuzed Weapon - P3|l Improvement
SLAM (ER)

Space Station Communication System
Space Station - Power Module

SR-71 Elint Production

Tactical Endurance SAR

T-1A Trainer

T-56 Turboprop Engine

TAD/PNVS

THAADS

Tier 1+ Wing

TLOS

Trident D5 Missile TMK Trangator
V-22

Wavelet Insertion Demonstration
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Wide Area Munition
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Table 6-3

Projects Over seen by Program Office Survey Respondents
(Program/Project Managers)

AC-130U Gunship

Advanced Interface Control Unit
Advanced Cruise Missile
Advanced Strategic and Tactica
Aeria Targets

Aircrew Integrated Helmet System
AIM-9X

Air Combat Command Training Prog
Air-To-Ground Missile Systems
AGM-129

Alternate Processing Correlation
AMC C2 IPS Info Processing
AMRAAM AIM-120A/B/C/ Missile
AN/ALE-47

Apache Countermeasure Dispenser
Apache Attack Helicopter
Apache - Longbow

AV-8B Remanufacture

AWACS

AWACS - Saudi

AWACS- 767

AWACSRSIP

AWACS Comm Extend Sentry
AWACS Engine Extend Sentry
AWACS PDM Re-Engineering
Avionics Strategic Planning

B-1B Aircraft Program Director
B-1B Aircraft Conv Munition
B-1B Computer System Upgrade
B-1B Defensive System Upgrade
B-1B Mission Planning System
B-1B Training System

B-2 Aircraft Training System

B-2 Aircraft Integration

B-2 Aircraft Production

B-2 Engine

B-2 MSN Planning

Base Information Protection

Big Safari

Broad-Based Environment for Test
C-17 ATS Program Branch
Cv-22

C-32 (VC-X)

C-130 H2 Aircrew Training System
C-130J Aiircraft

C-141 Aircrew Training System
CCAWS Project Office

Coatings Technology Integration
Cockpit Air Bag System

Combeat Intelligence System (CIS)
Command and Control SPO
Command Center Processing
Common Mapping Production
System Common Missile Warning
Directed Infrared Countermeasures
DoD Advanced Automation Systems
DSU-33

Embedded GPS/INS

Engine Model Derivative Program
Engine Component I mprovement
F-16

F-16 Block 30 Targeting Pod

F-16 Common Configuration
Implem F-16 Common Missile
Warning

F-16 FMS

F-16 Night Vision Imaging System
F-16 RWR

F-22

F-22 Aircraft Air Vehicle

F-22 Aircraft -- 199 Engine

F-117A Aircraft

F117 Engine - Propulsion for C-1
F117-PW-100 Engine - Propulsion
Ground Theater Air Control System
H-1 Marine Upgrades Program
HAE UAV

HIDAR & MEECN

IDECM

Intelligence and Information War
Intelligence Data Handling System
IDHS-Automated M essage Handling
IDHS-MAXI Integrated Avionics
IDHS-Sentinel Il Integration
IDHS-IC4I Intelligence Receivers
ITAS

Joint Advanced Strike Technology
Joint Direct Attack Munition

Joint Helmet Mounted Cueing Sys
Joint Primary Aircraft Training
Joint Programmabl e Fuze (JPF)
Joint Service Electronic Combat
Joint STARS

Joint STARS - Deployable Mission

Joint STARS - Flight Crew Train
Sys Joint STARS - TADIL-J
JTIDS

KC-135 Aircrew Training System
KC-135 Improved Aeria Refueling
Kiowa Warrior

Kiowa Warrior

Large Aircraft Directed Infrared
MC-130H Combat Talon Il
MILSTAR Terminal Command Post
Pre-Mission Data Preparation System
Mission Planning Systems (MPS)
Multiple Launch Rocket System
MLRS Project Office - IFCS.
MLRS Project Office—ILMS

Mod Miniature Receive Terminal
Non-Developmental Airlift Aircraft
Non-Line of Sight Project Office
Pacer Speak

Patriot Project Manager

Peace Fenghuang, AFMSS

Peace Fox VI, AFMSS

Peace Sun IX, AFMSS

Propulsion Development Systems
Quiet Knight (SOF)

RAH - 66 Comanche -- T-800 Eng
RAH - 66 Comanche Program

RAH - 66 Comanche Airframe
R/IGS - Eagle Vision/Commercial
RFMETS

Space Surveillance Network Improve
SOFPARS

SR-71 Joint Airborne Sigint Sys
SR-71 Re-activation

STINGER Product Office
Surveillance and Control SPO

T-2S Simulator For Electronic Co
T-3A Enhanced Flight Screener
TADS/PNVS

TACMS-BAT Army

THAAD Radar Product Manager
Theater Deployable Communication
Thesater Missile Defense
Tri-Service Standoff Attack Missile
Utility Helicopters (Black Hawk)
Voice Processing Training System
Voice Comm Switch System

Wind Corrected Munitions Dispenser



Chapter 7

Methods Used to Analyze and Present the
Survey Results

The method used to analyze any survey results depends greatly on the type and form of
data collected. The three surveys entailed in this research were used to gather both factual and
subjective data, in continuous, discrete, and categorical formats. Most of the analysiswas
accomplished using standard, well-documented statistical techniques, such as the independent
samples t-test, and the paired samplest-test. These methods will not be described here, but the
reader can refer to any number of texts that cover standard statistical procedures.®” The methods
used to analyze the factorsinvolved in developing initia project schedules will be discussed in
detail.

This chapter will also discuss the various methods used to present the survey results and
thereasonsfor their use. It will identify the benefits and shortcomings of each method so the
reader fully understands what is and is not presented.

8 George W. Snedecor and William G. Cochran. Statistical Methods. 8th Edition. lowa State University Press. Ames
IA. 1989.

1R
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A. Typesof Data Collected and Types of Questions and Scales Used

Both factual and opinion data were collected through the surveys. Factua datawere
collected using both continuous and categorical responses. Opinion datawere collected using
dichotomous, rank ordering, and interval scales.

A.l. Factual Data

Where possible, factual datawere collected using continuous variables. Examplesinclude
guestions about budgets, schedules, and various other factors reported as continuous variables
such as dollars, months, or number of people. These responses were used as continuous variables
throughout the analysis. Other types of factual data were collected using categories or
dichotomous responses. These included yes/no questions and selections among a range of
choices.

An example of a continuous variable question is:
Question B.1. What is this project’s current estimate or actual budget expenditure, and

what were the initial planned expendituresfor all program expenses in each of the following
program phases? Use actual or projected then-year dollars.

CURRENT ESTIMATE INITIAL PLAN
PreeEMD ($ million) ($ million)
EMD ($ million) ($ million)
Production ($ million) ($ million)

An example of adichotomous questionis:

Question C.9. Did the Government, through its RFP or other means, specify an
expected project schedule to the contractors?
O No. O Yes.

Finally, an example of a question with adiscrete set of choicesis:

Question A.5. Which of the following categories best describes the type of system this project is
developing?

O Aircraft (airframe and mechanical systems)
0 Aircraft (avionics and electronic systems)
O Aircraft (propulsion)

a Spacecraft or launch system

Electronic system (non-aircraft)
Missile or munitions
Software-dominated system
Other:

aaaa

These questions could be answered based on facts available to the respondent.
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A.2. Opinion Data

Not all the necessary information could be obtained from factual data. The other types of
data desired included statements of respondents’ opinions, beliefs, and views on various aspects of
adevelopment project. Since the respondents were the individuals making most of the decisions
and thus having the greatest impact on the aspects being measured, their views and opinions were
significant. The actions they took and the decisions they made were based on their perception of
events and the information they were provided. What the surveys measured was their
interpretation of the information on which they based their decisions.

These responses were collected in severa formats, including choices between two
opposing responses, choices among preset categories, rank orders of anumber of items, and
information on an ordered scale. Examples are provided for each type of question below.

Dichotomous Answers

When it was deemed appropriate to ask respondents to choose between two opposing
answers, yes/no or dichotomous questions were used. These questions asked respondents to select
one answer best representing their project from two opposing statements. The answers are
presented as percentage of responses, or they are used to separate groups of cases for testing of
other variables. An example of a dichotomous question is:

Question A.16. From each of the following pairs of statements, please select the one from
each row whichbest repr esents this project:

Statement A or Statement B
(J This project was started as the result (3 This project was started at a senior leader’s
of the normal service planning process. direction.
O Thisproject isintended to meet a (J Thisproject inintended to meet afuture
current operationa deficiency. or projected operationa deficiency.

Selection of Categories
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Where information could be categorized adequately, respondents were asked to select
among different responses based on specific word descriptions. The resulting data were used to
sort the projects into different groups to check for differencesin other variables. An exampleis:

Question A.12. Please mark the response that best describes the scope of the technological
advancein product technologies required by this project, relative to existing systems:

(J Revolutionary new core technologies or concepts.

(3 New generation of product architecture or platform.

O Incremental improvementsto an existing generation of product architecture or platform.
(3 Little or no change to the existing product technology.

Rank-Ordering

In some cases respondents were asked to rank-order alist of factors that may have
influenced their decisions. This method was used when the order of items was important and they
were few, usualy four or less. These data were used to present the relative ranking of project
objectivesin raw format, and to categorize the projects for analysis of other variables. A sample of
thistype of rank question is:

Question A.13. Pleaserank the order of importance of the following considerations in meeting
this project’s objectives (“1” indicates the item with the greatest importance in meeting this
project’ s objectives, “4” indicates the item with the least importance in meeting this project’s
objectives):

Low acquisition cost.

Low operational and support cost.

Short schedule to reach operational capability.
Superior technical performance.

Interval Scales

For questions where the strict order was not important, or where the number of item made
rankings difficult and time consuming, a seven-point interval scale was used to collect information.
The seven-point scale was seen as providing sufficient distinction among factors but not
overloading respondents with choices. This scale, while discrete in nature, represented a
continuous and equal interval range of the impact of various factors, with one typically
representing the least impact and seven representing the most impact. An example of this type of
guestion is:
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Question C.6: Please indicate the extent to which you believe the following factors
helped determine thelength of the government’s initial schedule for this project:

No Some Defining
I mpact I mpact I mpact
User’sdesired schedule 1 2 3 4 5 6 7
Service leadership desired schedule 1 2 3 4 5 6 7
Service planning process 1 2 3 4 5 6 7
Expected development funding availability 1 2 3 4 5 6 7
Expected production funding availability 1 2 3 4 5 6 7
Technology development 1 2 3 4 5 6 7
Engineering requirements 1 2 3 4 5 6 7
Manufacturing process development 1 2 3 4 5 6 7
Testing requirements 1 2 3 4 5 6 7
Support requirements 1 2 3 4 5 6 7
Dependence on another program 1 2 3 4 5 6 7
Other: 1 2 3 4 5 6 7

The information collected from these questions was analyzed to determine the relative
importance of various factorsinfluencing initial schedule development and other areas of interest.
The method used to analyze the responses was employed extensively in this thesis and will be
discussed in more detail.

During analysis, data from the three surveys was pooled where appropriate and where there
was no significant differences among responses. Where significant differences were noted among
the three surveys, the analysis discussed those differences in terms of particular questions. In
general, the surveys reveal ed marked agreement among responses to the three surveys. What's
more, no significant differences appeared among surveys completed for the same project at the
Pentagon, Program Office, or contractor levels. However, the number of overlapping surveys for
agiven project was relatively small (8), making analysis of matched surveys statistically unsound.
Thus no matching of projects among the Pentagon, Program Office, or contractor surveys was
used in the analysis.
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B. Methods Used to Analyze the Interval-Scale Data and to Determine
the Relative Impact of Various Factors

Several methods were used to analyze the survey results, including visual comparison of
raw aggregated data, comparison of the standard errors of the means, and paired samples tests.
The objective was to distinguish the influence of different factors on project schedules.

Each respondent rated the various factors against the same scale. A differencein the rating of
two factors by that respondent indicated a difference in the perceived impact. If afactor was
systematically reported to have alarger impact than another, this was interpreted to mean that the
factor has alarger impact on project schedules across the devel opment system.

When combining individua project responses to provide a description of the overall schedule
development process, one can look at the distribution of the responses to each question separately, or
at the differences among ratings of each factor within each survey. Various statistical tests were used
to determine if the differences among responses for factors were statistically significant. Where
statistical differences existed among the distribution of responses for various factors, and the
distribution of responses for each possible pair of factors, these results were interpreted to mean there
was a difference across the range of projectsincluded in the analysis. The null hypothesis was that
thereis no difference among various responses for the two factors, which would indicate there is no
difference between the impact of the factors. The aternative hypothesis was that responses to the
various factors were different, indicating a difference in the impact on initial schedules between the
two factors across survey respondents. Various statistical tests were used to show that there was or
was not a statistical difference between the various factors. For pairs of factors between which
statistical methods cannot distinguish, those factors were interpreted to have an equal impact on the
schedul e devel opment process.

B.1. Visual Inspection of Raw Aggregated Data Distributions

Before the statistical analysis was conducted, the database was visually inspected for the
distribution of responsesto each question. The visual inspections indicated that severa of the
responses had bi-modal distributions, with spikes at no impact and some impact. In many cases
the data collected did not appear to follow anormal distribution, somewhat limiting the number of
statistical tests that could be used.

Standard statistical measures were used during theinitial screening of the data. Below are
samples of the tabular and graphical data formats used to inspect the data.
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Frequency of Responses
No Some Defining
Impact Impact I mpact
Order Description 1 2 3 4 5 6 7
Asked
1 User's Desired Schedule 13 7 14 41 28 43 34
4 Expected Devel opment Funding 26 6 13 31 38 37 28
5 Expected Production Funding 33 8 11 32 35 27 27
7 Engineering Requirements 15 18 35 46 28 24 12
9 Testing Regquirements 22 2 31 42 29 25 9
2 L eadership Desired Schedule 35 15 27 31 30 22 17
6 Technology Development 32 2 30 40 21 25 8
3 Force Planning 39 17 29 30 26 22 11
11  Dependence on Another program 53 30 14 19 18 18 23
10  Support Requirements 35 45 41 27 17 10 1
8 Manufacturing Development 46 36 30 28 13 19 4

Table 7-1: Distribution of Response to the Effect of Various Factors on the
Length of the Initial Project Schedule (Sorted by Median Value).

Median Median Mode Sum N Quartile Mean
* Range
25% 50%  75%
1 User'sDesired Schedule 5 5.028 6 869 180 4 5 6 4.828
4 Expected Development Funding 5 4.841 5 809 179 3 5 6 4.520
5 Expected Production Funding 5 4,552 5 736 173 3 5 6 4.254
7 Engineering Requirements 4 3.951 4 708 178 3 4 5 3.978
2 Leadership Desired Schedule 4 3.862 1 671 177 2 4 5 3.791
9 Testing Requirements 4 3.836 4 685 180 3 4 5 3.806
6 Technology Development 4 3571 4 637 178 2 4 5 3.579
3 Force Planning 4 3.559 1 619 174 2 4 5 3.557
11 Dependence on Another Program 3 2.886 1 500 175 1 3 5 3.371
8 Manufacturing Development 3 2.727 1 527 176 1 3 4 2.994
10 Support Requirements 3 2.709 2 508 176 2 3 4 2.886

* Calculated asif from grouped data

Table 7-2: Distribution Statistics for Responses to the Effect of Various Factors
on the Length of the Initial Project Schedule.
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Impact of Expected Development Funding
on the Length of the Initial Project Schedule

No Some Defining
Impact Impact Impact

5C

Number of Projects

1 2 3 a 5 6 7
Expected Dev Funding

Impact of Engineering Requirements
on the Length of the Initial Project Schedule

No Some Defining
Impact Impact Impact

5C

Number of Projects

1 2 3 a 5 6 7

Engineering Requirements

Figure 7-1: Distribution of Responses for I mpact of Expected Development
Funding and Engineering Requirements on the Length of the Initial Project

Schedule.
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One then can compare the means and the standard deviations to determine which factors
were rated higher than the others. However, comparisons based on the mean and standard
deviations are flawed, as they assume normal or near-normal distributions, which were not
apparent in some cases. What’s more, comparison of the means, while illustrative and helpful,
may not reveal significant differencesthat may exist in the data, as such comparisons are less
efficient from a statistical standpoint than other methods available. Comparison of the standard
error of the mean and various paired sample methods allows the survey datato be used on a
project-by-project basis, as opposed to aggregate data only.

B.2. Comparison of the Sample Means for Different Factors

The mean of the responses to a given question provided a view of the average response of
those surveyed across the projects. This mean estimated the average of the entire population within
the bounds of standard error. Averaging across awide array of projects with different
characteristics may hide important variations among those projects. Since the objectiveisto
describe the system as awhol e, the response averages have some utility. However, they do not
indicate how the various factors affected an individual project.

During the analysis, the survey responses were subdivided into an array of categories, with
the answers to various questions used to look for systematic differences among the categories.
Those included the cost of a project, the type of project, the type of contract, the development
phase of the project, and the amount of technological advance. The rank-order of the average
responses to most questions was found to be consistent or nearly consistent irrespective of the
category or type of project. The analysis of the subsets of projects based on their characteristicsis
discussed in the analysis of individual questions.

To analyze the data, the mean responses and the standard error of the mean were
determined using the survey results. Even if the distribution of the raw responses to a question
was not normal, the large number of projects obtained through the surveysindicated that the
sampling distribution of the mean will be near normal in shape, and will allow the use of the
standard t-test to compare the distribution of the sample mean of responses.

The sample mean, and the sample standard deviation and standard error of the mean, are
calculated with the equations below.

Sample Mean = X = ¥ (X/N) Equation 7-1
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Where

N isthe number of survey responses
X, isthe response for each individual project/survey

Sample Standard Deviation =S = (3 (X, - L)ZI(N-l))l/2 Equation 7-2
Standard Error of theMean=S,_ = S/(N) V2 Equation 7-3

The results for the example used earlier are:

Expected Development Funding Engineering Requirements
X =452 X =3.98
S =193 S=164
N =179 N =178
Standard Error of the Mean = 0.144 Standard Error of the Mean = 0.123

Plotting the means of the responses--and the standard error of the means--for the impact of
various factors on initial devel opment schedule alows the average of the responses and the
expected errors to be viewed graphicaly.
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Development of the Initial Project Schedule

Factors Affecting the Length of the Initial Project Schedule

User'sDesires « M : :

Expected Development Funding ] M
Expected Prod Funding |
Engineering Requirements |
Testing Requirements

Technology Development |

| | N

Service Leadership Desires | m
L ¢
e

Service Planning | :
Dependence on Another Program | M
Manufacturing Process Development | %ﬁ
Support Requirements M
1 2 3 4 5 6 7
No Impact Some Impact Defining Impact

Mean +/- 1 Sk

Figure 7-2: The Average and Standard Error of the Mean for Responsesto the
I mpact of Various Factors on the Length Initial Project Schedule.

The unpaired samplet test can be used to compare the mean of two factors. The null
hypothesisisthat there is no difference between the mean responses to the impact of two
scheduling factors. The following equation is used to calculate the t value for a comparison of the
means of two independent samples tests.

t = (X, - X)(SAN, + SN Equation 7-4%
where: X, isthe mean of the responses for the first factor

X, isthe mean of the responses for the second factor

S, isthe standard deviation for the responses to the first factor

S, isthe standard deviation for the responses to the second factor

8 George W. Snedecor and William G. Cochran. Statistical Methods. Analysis of Independent Samples when
s.ts, Pg.97.
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N, and N, are the number of projects surveyed

The degrees of freedom for the test are approximated to allow the ordinary t distribution
tablesto be used. The approximation for the number of degrees of freedom is given by:

V. = (vt v,) (v v, ) vy) Equation 7-5®
where: u, =S,%/n,

u, =S,%/n,

v,=n;-1

V,=n,-1

The approximate degrees of freedom for t’ are given by v’, which is rounded down to the
nearest integer so that standard t tables can be used.®

Using the exampl e discussed:
t'= (4.52 - 3.98)/((1.93%/179)+(1.64%/178)) *? = 2.849
V' = ((1.93%179)+(1.64%178)) %/ ((1.93%/179) 2/(178)+ (1.64%/178)%/(177)) = 346.58
Approximate Degrees of Freedom = 346

The null hypothesis--that there is no difference between the two samples--can be rejected based on
the value of t' and the number of degrees of freedom at difference levels of confidence. With the
sufficiently large sample sizes captured in the research, t' can be estimated by t, and either
calculated from the normal deviate or looked up in any standard statistics reference book. The 5
percent and the 0.5 percent level of confidencefor t’ is:

t' .05 = 5% confidence level = 1.96 (346 df)

t' 5005 = 0.5% confidence level = 2.807 (346 df)*

% George W. Snedecor and William G. Cochran. Statistical Methods. Analysis of Independent Samples when
s.ts, Pg.97.

% Snedecor and Cochran. Statistical Methods. Analysis of Independent Sampleswhens,ts , Pg. 97

¥ George W. Snedecor and William G. Cochran. Statistical Methods. Analysis of Independent Samples when
s.!s, Pg. 466.
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Using thet distribution, the probability that the average of the two samples will be equal is
0.5 percent--well below the 5 percent typically required for demonstrating statistical significance.
More powerful statistical methods are available that use the survey information on a project-by-
project basis.

B.3. Paired-Samples Statistical Methods

Analyzing the multiple-response questions using paired-sample statistical methods allows the
relative importance of factors to be compared on a project-by-project basis. The distribution of
responses can then be evaluated to determine if there isa statistical difference between them. The
pairing of the data within a single project ensures that each factor is affected by the same events and
interpreted by the same person. Using the information in this manner removes the effects of non-
related factors, as each project response is compared only with responses from the same project. By
using the paired responses from each project separately, it is possible to eliminate differences that
result from the specific nature of the projects, or from respondents’ different interpretations of the
scale.

When comparing two factors, the response for one factor is subtracted from the response for the
other factor. If thereisno systematic difference between the two factors, the distribution difference of the
paired responses should be centered on no difference. Continuing with the earlier example, the reported
differences between the impact of the expected devel opment funding and the engineering requirementsis
shown in Figure 7-5. A negative number indicates that the engineering requirements were rated as having
alarger impact on the length of the initial project schedule, and a positive response indicates that expected
development funding had a greater impact on that project. A zero response indicates that the respondent
rated them as equally important. The numbers on the horizontal axisindicate the difference between the
two responses by asingle respondent. The numbers on the vertical axis represent the number of
respondents reporting the same difference between the two responses.

The data are interpreted based on the assumption that the larger the difference between the reported
responses, the larger the differences in the impact of the two factors. For example, if arespondent
reported that the engineering requirements had no impact (and thus rated them a 1) and chose funding
availability asthe defining impact (thus rating it a7), the difference between the two responses would be
6. Thiswould indicate alarger difference than in the case of someone who awarded the engineering
requirements a5 and the funding availability a 6, as the difference between those two values would be 1.
If the factors are equally important or there are no systematic differences between them, there should be an
equal number of responses indicating a positive and negative difference. The existence of such a
difference can be tested using various paired-sample statistical methods.
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Figure 7-3: Distribution of Differences between the Reported Impact of
Development Funding and Engineering Requirements on the Length of the Initial
Project Schedule.

Three primary paired-comparison methods can be used with the type of scale data collected
by the surveys. These include the paired-samples t-test corrected for continuity, the non-
parametric sign test, and Wilcoxon signed-rank test. Parametric tests make certain assumptions
about the distributions of the data, such asthat it is continuous and normally distributed. This
could not be assured for this analysis, so the parametric tests were not used.®? Non-parametric
tests do not require such assumptions. Parametric tests are usually more powerful than the non-
parametric tests, asthey areless likely to indicate a significant difference when there is not one,
and they are less likely to indicate that there is no significant difference when there is one.

Sign Test

Thesigntest isarelatively smple test that looks solely at the direction of the differences
between two matched responses. 1t does not measure the magnitude of the difference. If thereis
no systematic difference in the responses for the two factors, there should be roughly an equal
number of cases where one factor israted higher than the other. The null hypothesisisthat the two
distributions are equal, and that each paired difference has an equal chance of being positive or



7. Methods Used to Analyze and Present the Survey Results 167

negative. A large disparity in the number of positive and negative differences would indicate that
the distributions are not equal, and that the null hypothesis can be rejected for the two responses.
Thistest is accomplished for every possible pair of responses (the test ignoresties). The results
of the sign test for expected development funding and engineering requirements are provided
below as an example.

In 88 cases, responses rated expected devel opment funding as having more impact than
engineering requirements on the length of initia project schedule. The engineering requirements
were rated higher in 57 cases, and in 33 cases the factors were rated equally.

Example Sign Test
Expected Development Funding Rated Larger 88 + Diffs
Engineering Requirements Rated Larger 57 - Diffs
Rated as Equal 33 Ties
Number of Cases 178
Number of Non-Tied Cases 145

The normal deviate corrected for continuity is calculated by:

Z=(|2r-n|-1)/n Equation 7-6%

Wherer isthe number of positive or negative values and n is equal to the number of non-tied
samples. For example:

Z = (|288-145|-1)/145"2 = 2.4914

The two-tailed significance can be calculated from the cumulative normal frequency distribution, or
it can be obtained--as it was in this case--from a statistics table for normal distribution.** The
probability that the two factors are actually equal and that the result is a statistical flukeis 0.0180.

2-Tailed P= 0.0180

The signtest is not as efficient in determining differences between populations as tests that
use the magnitude of the difference between responses. The other non-parametric test, the

%2 The results using the parametric and non-parametric tests were similar where checked.

% George w. Snedecor and William G. Cochran. Statistical Methods. 8th Edition. lowa State University Press. Ames,
lowa. 1989. Pg. 139.

% George w. Snedecor and William G. Cochran. Statistical Methods. 8th Edition. lowa State University Press. Ames,
lowa. 1989. Pg 464.
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Wilcoxon signed-rank test, uses the magnitude as well as the sign of the difference, and sois
considered more decisive.

Wilcoxon Signed-Rank Test

Because the Wilcoxon signed-rank test is anon-parametric test, it does not require the
assumption of anormal distribution. The use of this test assumes that the larger the differencein
ratings between two factors, the larger the differencesin the factors' effects.

In the Wilcoxon signed-rank test, the absolute values of the differences between the
matched pairs of data are rank-ordered from 1 to n, with the smallest difference as 1. For the
responses with equal differences, the average of the ranksisused. The rankings associated with
the positive differences and the rankings associated with the negative differences are then summed
separately. Responses with no difference between the factors are not included. The smaller of the
two sumsis then used to calculate the probability. For large numbers of pairs the normal deviate,
corrected for continuity, is given by:

Z. = (u-T-0.5)/o Equation 7-7%
Where s = ((2n+1) _/6)"?

m = n(n+l)/4

T = smaller of the sum of the positive and negative ranks

n = number of pairs

The probability that there is no difference between the two factors can be determined using
the two-tailed significance obtained from the cumulative normal frequency distribution. For a
normal distribution, the null hypothesis--that the two factors are rated equal--can be rejected at the
0.05level. Z_ > 1.96 equates to a probability of 0.05, which signifies rejection of the null
hypothesis and indicates that the two factors are actually rated differently.

An example using the Wilcoxon signed-rank T test to measure the impact of expected
development funding and engineering requirements is shown below. The table on the next page
shows the responses ordered by the absolute value of the differences between the two factors. A
positive value indicates that expected development funding was rated as having a larger impact, and
anegative vaue indicates that engineering requirements were rated as having alarger impact. The
responses are then ranked from 1 to 145 by the absolute value of the differences. The adjusted

 George w. Snedecor and William G. Cochran. Statistical Methods. 8th Edition. lowa State University Press. Ames,
lowa. 1989. Pg 141.
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rankings account for responses with equal differences by taking the average of the rank of the
responses asillustrated in Table 7-3 below.
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2 z 47 645 3 z 98 99.5
Diffe Absolute  Raw Adjusted 2 z 48 64.5 3 K 99 99.5
renc  Valueof Ranking Ranking 2 z 49 645 3 c 100 99.5
e Difference 2 z 50 64.5 3 z 101 99.5
2 z 51 64.5 3 z 102 99.5
-1 1 1 23 2 z 52  64.5 -3 z 103 99.5
-1 1 2 23 -2 z 53 64.5 -3 z 104 99.5
-1 1 3 23 2 z 54 64.5 -3 K 105 99.5
1 1 4 23 -2 z 55 64.5 -3 K 106 99.5
1 1 5 23 2 z 56 64.5 3 z 107 99.5
1 1 6 23 -2 z 57 645 3 z 108 99.5
1 1 7 23 -2 z 58 64.5 3 z 109 99.5
1 1 8 23 2 z 59 64.5 3 z 110 99.5
-1 1 9 23 2 z 60 64.5 3 K 111 99.5
1 1 10 23 2 z 61 645 -3 K 112 99.5
-1 1 11 23 2 z 62 64.5 -3 z 113 99.5
-1 1 12 23 2 z 63 64.5 3 z 114 99.5
1 1 13 23 2 z 64 64.5 3 z 115 99.5
1 1 14 23 -2 z 65 64.5 -4 4 116 128
1 1 15 23 2 z 66 64.5 4 4 117 128
1 1 16 23 -2 z 67 645 4 4 118 128
-1 1 17 23 2 z 68 64.5 4 4 119 128
-1 1 18 23 2 z 69 64.5 4 4 120 128
1 1 19 23 2 z 70 645 4 4 121 128
1 1 20 23 -2 z 71 645 -4 4 122 128
-1 1 21 23 -2 z 72 645 4 4 123 128
-1 1 22 23 -2 z 73 645 -4 4 124 128
-1 1 23 23 -2 z 74 645 4 4 125 128
-1 1 24 23 -2 z 75 645 -4 4 126 128
-1 1 25 23 2 z 76 64.5 4 4 127 128
1 1 26 23 2 z 77 645 4 4 128 128
1 1 27 23 2 z 78 645 4 4 129 128
-1 1 28 23 -2 z 79 645 4 4 130 128
1 1 29 23 -2 z 80 64.5 4 4 131 128
1 1 30 23 2 z 81 645 -4 4 132 128
1 1 31 23 2 z 82 645 5 £ 133 135.5
1 1 32 23 -2 z 83 64.5 5 £ 134 135.5
1 1 33 23 3 K 84 99.5 5 £ 135 135.5
-1 1 34 23 3 K 85 99.5 -5 £ 136 135.5
-1 1 35 23 -3 z 86 99.5 -5 £ 137 135.5
1 1 36 23 -3 z 87 99.5 5 £ 138 135.5
-1 1 37 23 3 z 88 99.5 -6 € 139 142
1 1 38 23 -3 z 89 99.5 6 € 140 142
1 1 39 23 -3 K 90 99.5 6 € 141 142
-1 1 40 23 3 K 91 995 -6 € 142 142
1 1 41 23 -3 z 92 995 6 € 143 142
1 1 42 23 -3 z 93 99.5 6 € 144 142
1 1 43 23 3 z 94 99.5 6 € 145 142
-1 1 44 23 3 z 95 99.5
-1 1 45 23 -3 K 9% 99.5
-2 z 46 64.5 3 K 97 99.5

Table 7-3: Ranking Used for Wilcoxon Signed-Rank Test on the Impact of
Expected Development Funding and Engineering Requirements on L ength of
Initial Project Schedule (33 Responses with No Difference Are Not Included).
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The sum of the ranking for responses rating expected development funding higher is 6737,
and the sum of the ranking for those that rate engineering requirements higher is 3916.

Using the minimum of the two sums as specified by the Wilcoxon method,
n = number of pairs= 145
e n(n+1)/4 = 145(145+1)/4 = 5,292.5

s =((2n+1) _/6)Y2 = ((2*145+1)*5,292.5/6) 2 = 506.64

T = smaller of the sum of the positive and negative ranks = 3,916

Z.= (u-T-0.5)/c = (5292.5 — 3916 — 0.5)/506.64 = 2.7159

The probability that the null hypothesisis true and that there is no difference between the two
factorsis determined by the two-tailed significance obtained from the cumulative normal frequency
distribution. For example, the probability that the two factors are actually equal is 0.0033.

2-Tailed P = 0.0033

Thisissignificantly beyond the 0.05 level typically used to show statistical significance. For the
analysis used in this survey, the statistical tests were conducted using the SPSS statistical data
software package produced by SPSS, Inc.%

A comparison of results from the three statistical tests showed little difference among
factors when they were approaching statistically significant levels. For the analysis, the signed-
rank test was selected, as it was seen as the most efficient test that did not rely on the assumption
of anormal distribution of the data, which could not be guaranteed. The signed-rank test was used
for analysis except where specifically noted.

B.4. Development of Statistical Groups of Factors

The paired-sample statistics tests indicated that there was or was not a statistical difference
between any two factors. Because there were typically many factors rated for each of many
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guestions, presenting the results as a factor-by-factor comparison for each pair of factors was
determined not to be impractical. To provide amethod for presenting and discussing the data at a
higher level, factors that could be distinguished with statistical methods were separated into
different statistical groups, and factors that could not be distinguished from each other were
grouped together. The resulting groups could then be used to discuss the impact of the different
factors at ahigher level.

The different statistical groups were determined by first developing afactor matrix
indicating the probability that each possible pair of factors was equivalent. This matrix was based
on the results of the Wilcoxon signed-rank test, and itsinitial order was determined by the average
of the responses. A visua inspection of each matrix looked for factors that appeared out of order
based on the probabilities. In amost all cases, ordering the factors by their mean values proved
adequate to determine the statistical groups, as described below.

The statistical groups were determined by visually inspecting the factor matrix and
identifying the groups of factors that were statistically different from other groups of factors. This
was done by first identifying statistical differences between adjacent factors within the matrix, and
then checking to ensure there were statistical differences with other non-adjacent factors. A
minimum of 85 percent confidence level (P = 0.15) was used to indicate statistical significance
between adjacent factors. Therelatively low level was used because of the large number of factors
and the difficulty of separating adjacent factors. Thus appropriate caution should be used when
making comparisons between adjacent factors across the statistical groups. The differences
between non-adjacent factors across statistical groups are typically at much higher levels of
statistical significance than the 0.15 level. In some cases, the 0.15 level was not met, but in the
judgment of the researcher the significant difference between close but

non-adjacent factors indicated that the factors should be in different groups. The few timesthis
occurrs, adashed line signifies that the adjacent factors are not statistically different but that the
other factorsare. Generally, adjacent factors within the same statistical grouping cannot be
separated with confidence based on the data obtained through the surveys. However, factorsin
one statistical grouping can be separated statistically from those in other groupings.

The factor matrix and the statistical groups for factors affecting the length of aproject’s
initial schedule are shown in Figure 7-4 below.

% SPSS 6.1. SPSS Inc. 444 N. Michigan Ave, Chicago IL 60611.
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User’s Desired Schedule
Expected Development Funding
Expected Production Funding
Engineering Requirements
Testing Requirements
Leadership Desired Schedule
Technology Devel opment
Force Planning

Depend on Ancther Programs
Manufacturing Devel opment
Support Reguirements

Users Expected Expected Enginee Testing Leader Technol Force

Dependen Manufa Support G

Shedde Fundng Funding Reire mans  Scheae Davdo 0 Another Devae mas
ment pment Program  pment o
u
p
1 4 5 7 9 2 6 3 11 8 10
4.83 4.5Z 42t 398 381 379 358 35 337 29¢ 289
1 023 | 001 | 0.00| 000| 000 |000| 0.00| 0.00 |0.00[000| 1
0.23 1 0.15 [ 0.01| 0,00 | 0.00 |0.00| 0.00| 0.00 | 0.00] 0.00| 1
0.01 | 0.15 2 Jo012| 001| 006 |0.00| 000 0.00 |0.00| 000 2
0.00 0.01 0.12 3 017 | 036 [0.00| 0.05| 0.01 J 0.00] 000 | 3
0.00 0.00 001 § 017 3 0.90 (019 0.39 | 0.03 | 0.00| 0.00 | 3
0.00 0.00 0.06 § 0.36| 0.90 3 0.18| 0.10 | 0.03 § 0.00{ 0.00| 3
0.00 | 000 | 000 Jo00| 019| 018 | 3 | 0.87| 0.32 J0.00] 0.00| 3
0.00 | 000 | 0.00 J0.05| 039 0.10 |087| 3 0.25 § 0.00] 0.00 | 3
0.00 | 000 [ 0.00 J0.01| 003 0.03 |0.32| 0.25 3 foiifoo01| 3
0.00 | 000 | 000 |000| 000| 000|000 000| 011 4 |037] 4
0.00 | 000 [ 0.00 | 0.00| 0.00 | 0.00 |0.00| 0.00| 0.01 § 0.37 4 4

* The significant difference determined by the Wilcoxon Rank-Sign Test

Figure 7-4: lllustration of Statistical Grouping Method Used in Analyzing Data
for Factors Determining Length of Initial Project Schedule.
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C. Presentation of the Data

Throughout the thesis, several methods, each with its limitations, are used to present the
data. The mgjor questionsin determining how to best present the data were the amount of data
available and how to make the information presentable and understandable without losing the
nuances and meaning contained in the data. Large matrices of the raw number of responsesin
different categories were unlikely to adequately convey the meaning of the results. Throughout the
analysis chapters, when there was any question as to whether to include a chart or graph that might
aid the reader in understanding the analysis, the chart wasincluded. In the summary chapters,
much of this detailed information is omitted and the reader is referred to the earlier chapters.

Figure 7-6 shows the main format used throughout the thesis to present the results. It
combines several types of information. First, the various factors are plotted by their mean values.
The standard error is plotted about the mean based on the variance in the data. Superimposed on
this are the statistical groups, as determined by the Wilcoxon signed-rank test. This chart
represents many compromises, but was determined to be the most acceptable, meaningful, and
understandable method for presenting the large amounts of data collected.
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Development of the Initial Project Schedule

Factors Affecting the Length of the Initial Project Schedule Statistical

User's Desires M G?Up
Expected Development Funding M ! !
Expected Prod Funding ‘ ‘ ‘ e 2
Engineering Requirements | | | %F
Testing Reguirements M 3
Service Leadership Desires M
Technology Development M
Service Planning : : M : : ‘
Dependence on Another Program M 4
Manufacturing Process Development %H
Support Requirements %
1 2 3 4 5 6 7
No Impact Some Impact Defining Impact

Mean +/- 1 SE

Figure 7-5: Example of a Statistical-Grouping Chart Overlaid on Average
Responses and Standard Errors.

Other types of charts used to present the data include the distribution of raw responses, and
displays of differences between two factors. Charts showing the latter are used sparingly, asthey
show the difference between only two factors at atime. Displaying pairsof chartsfor al interested
pairs of responses would be prohibitive.

These types of charts are intended to convey the thesis message clearly to awide range of
audiences. Each chart loses some information contained in the data, and thus caution must be
taken in interpreting the charts.
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Chapter Summary

Throughout the surveys various types of information were collected. To analyze and
present the results of the surveys, accepted statistical methods have been used. To analyze the
interval scale data, the Wilcoxon Signed-Rank test was sel ected because, as a non-parametric
statistical test, it did not rely on assumptions of normal distributions and was considered more
powerful in determining statistical differencesthan thesigntest. This method is used to compare
responses within each individual survey and then to look at the distribution of the differences
across al surveys. From this statistical groups for the different variables were established and a
graphical method of presentation was introduced.



Part 3

The Development of a Project’s Initial Schedule
and Its Impacts: Survey Results and Analysis

Part 3: Overview

Part 3 describes the processes used to devel op, contract, and execute project schedules
based on the 317 surveysreceived. Chapter 8 describes the development of aproject’ sinitial
schedule by analyzing the survey results. Chapter 9 documents the effects of the initial project’s
schedule on the contracting phase. 1t showsthat the initial schedule has the dominant impact on
contractors’ proposed schedules and the resulting contracted schedules. Chapter 10 identifies
schedule-related incentives for users, the Pentagon, the Program Offices, and defense contractors
during the development phase. Chapter 11 highlights the effects of a project’ sinitial schedule and
the subsequent contracted schedule on the actual development schedule. 1t comparesthe project’s
achieved schedule with the planned schedule. Part 3 provides the foundation from which Part 4
draws conclusions and makes specific policy recommendations.
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Development of a Project’s Initial

Chapter 8
Schedule

The development of aproject’ sinitial schedule occurs early in the acquisition planning
phase and prior to project approval. Once established, the project’ sinitial schedule formsabasis
for the rest of the acquisition planning. Aswill be shown in following chapters, the initial project
schedule plays a central role in the time used to develop new products and systems.

This chapter presents the results of the three surveys described in Chapter 6 asthey pertain to
development of aproject’sinitial schedule. The areas evaluated include the user’s desired
schedule, the priority assigned to aproject’ s schedule, the factors that determine a project’ s starting
date, the organizations involved in developing a project’s schedule, and the factors that influence
the length of aproject’s schedule. Also evaluated are information and tools used to develop a

project’s schedule.

Planning Phase

Contracting Phase

. Select Contractor
Develop Initial

\ and
Project Schedule Develop Contract
Schedule
Project Contract
Approval Signed

Figure 8-1: A Project’s Initial Schedule, as Developed During the Project’s Planning

Phase.
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A. When the User Desires a Project

When establishing a project’ sinitial schedule, a primary consideration is when the user
desires the system. The Pentagon survey asked program element monitors and Pentagon action
officers the date by which users wanted the system and whether it was meant to meet a current or a
future operational deficiency. The respondents indicated that 80 percent of users desired systems
“as soon as possible,” with 20 percent listing a specific date. Respondents also referred to items
such as the need to integrate the system with others in development, launch schedule dates, and
projected emerging threats as determining the desired date.

User’s Desired Date

Specified

ASAP Future Date

80%

Program Element Monitor Survey

Figure 8-2: User’s Desired Date of First Production Item, as Reported by
Program Element Monitors (Number of Projects = 62).

Seventy percent of respondents indicated that the system was intended to meet a current
operational deficiency, while 30 percent indicated that the system was intended to meet a future or
projected need.
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Operational Need Date

Current Future or
Operational Projected
Deficiency Deficiency

Figure 8-3: Operational Need Date for a System in Development, as Reported by
Program Element Monitors (Number of Projects = 62).

The responses indicated that for most development efforts, the longer the time required to
develop the products, the longer a need would go unfilled. A project schedule may also depend on
the priority users giveto aproject. Both the Program Office and the Pentagon surveys asked
respondents to indicate the priority assigned by the user commands, onascaleof 1to 7.  Thirty-
one percent—or 65 of 209 respondents--indicated that their project was the highest priority. Over
60 percent selected one of the two highest responses. Only 27 percent indicated that their project
was average or lower among the user’ s priorities.

Based on the expressed need, users’ desired date of “as soon as possible,” and the reported
high-priority users placed on projects, a short development schedule would seem to be a significant
priority. However, that does not appear to be the case.
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Figure 8-4: Project Priority for the User of a System (Program Office and
Pentagon Surveys; Number of Projects = 209).

B. Priority of Schedule in Development Projects

To evaluate the priority assigned to short schedules in the program planning phase, the
Program Office and the Pentagon surveys asked respondents to rank four project priorities: low
acquisition cost, low operational and support costs, short schedule to operationa capability, and
superior technical performance. Superior technical performance was most often rated as a project’s
highest priority. Low acquisition cost was most often rated as a project’s second priority. Low
operational cost was most often rated as a project’ s third priority. Shortened schedule was most
often rated as a project’ s fourth--or lowest--priority.

Figure 8-6 shows the number of respondents rating each objective first, second, third, or
fourth. Among 208 projects, superior performance was rated as the first objective in 93 projects,
low acquisition cost was rated second in 71 projects, low operating cost was rated third in 75
projects, and short schedule was rated the lowest objective in 78 projects. No significant
differences were noted between the Program Office and Pentagon surveys.
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Ranking of Program
Objectives (1st to 4th)

Superior Performance Low Acquisition Cost
100 100
80 80
60 60
40 40
0 0
First Second Third Fourth First Second Third Fourth
Low Operation Costs Shortened Schedule
100 100
30 80
60 60
40 40
0 0
First Second Third Fourth First Second Third Fourth

PEM and SPO Surveys

Figure 8-5: Ranking of Project Objectives by Program Managers and Program
Element Monitors (Program Office and Pentagon Surveys; Number of Projects =
208).

Comparing the responses on a survey-by-survey basis using the paired-samples sign test
indicates very significant differences among the different objectives. Superior performance rated
statistically higher than all other objectives, with a confidence level of over 99 percent. Superior
performance rated higher than shortened schedule, with a confidence level of 99.99 percent. Low
acquisition cost rated higher than shortened schedules, with a confidence level of 97.5 percent.
Low operating cost rated higher than shortened schedule, but with a confidence level of only 91
percent. Table 8-1 showsthe statistical significance of the differences among the various project
objectives.
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Program Objective
Significance Table

Mode Rank Perform Acq Cost Ops Cost Schedule
Superior
Performance 1st X
Low
Acquisition Cost 2nd .008 X
Low
Operational Cost 3rd <.001 .024 X
Shortened
Schedule 4th <.0001 .025 .09 X

7 apie s-L1: signiTicance or tne DITTer ences Among Froject unjectives Using the
Non-Parametric Paired-Samples Sign Test (Program Office and Pentagon
Surveys; Number of Projects = 209).

Comparing short project schedules with other objectives does not completely reveal the
importance of development time, but does indicate its relative position. To determine the
importance of short schedules, the Pentagon and Program Office surveys asked to what extent a
short acquisition cycle was an important part of aproject’ s overall objectives. Among the 206
respondents, less than 15 percent indicated that a quick acquisition cycle was “very important.”
One-third of the respondents indicated that short acquisition time was a significant priority by
selecting one of the two highest categories. Over haf the respondents indicated that it was a
“somewhat important” or “not important” objective.

Thelow priority assigned to schedule is consistent with the finding that only 27 percent of
projects are considered “fast track”-- having shorter-than-normal planned devel opment times.
Seventy-three percent are not considered “fast track,” and do not attempt to shorten the normal
development schedule.
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Not |mportant Somewhat |mportant Very Important
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Quick Acquisition as a Program Objective

Figure 8-6: Short Acquisition Cycle as a Program Objective, Reported by Project
Managers and Program Element Monitors (Program Office and Contractor
Surveys; Number of Projects = 206).

Fast Track Vs Normal Projects

Normal “Fast Track”

Figure 8-7: Projects Reportedly on a Fast Track--Having an Officially
Accelerated Acquisition Cycle (Program Office, Pentagon, and Contractor
Surveys; Number of Projects = 317).
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C. Determining a Project’s Starting Date

The Program Office and Pentagon surveys asked a series of questions to determine which
organizations are responsible for initiating projects, and what factors are considered in establishing
aproject’s starting date.

The Program Office survey asked program managers to identify the organizations that
initially promoted the project concept or provided funding. They reported that the services' user
commands (48 percent) or service headquarters (21 percent) initiated the mgjority of current
projects. A smaller percentage of projects were started by devel opment and logistics centers (9
percent), other services (4 percent), contractors (4 percent), elected or appointed government
officials (3 percent), the Defense Advanced Research Projects Agency (>1 percent), or other
entities (10 percent). Theindividual services, through the users, service headquarters, and
development and logistics centers, initiated at least 78 percent of the projects surveyed.

To understand the process used to select the projects, the Pentagon survey asked if a
project was initiated through the formal modernization planning process or through specific
leadership direction. Asdescribed in Chapter 3, the modernization planning processisintended to
identify and prioritize new systems and modifications needed to meet operational requirementsin
each mission area. Survey results indicated that 58 percent of the projects were initiated through
the modernization planning process, while 42 percent of all projects were initiated outside that
process through senior leadership direction.
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Figure 8-8: Number of Projects Initiated by Various Organizations (Program
Office Survey; Number of Projects = 129).

Project Initiation Source

Modernization Leadership
Planning Directed
Process Project

Program Element Monitor Survey

Figure 8-9: Percentage of Projects Started Through the Moder nization Planning
Process and Senior Leadership Direction (Pentagon Survey; Number of Projects
= 60).
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The Pentagon survey asked respondents to rate factors thought to influence starting dates
for their projectson ascale of 1to 7, from “no impact” to “defining impact.” Although caution
must be taken when using average data, they do shed light on the influence of various factors.
Besides the average responses, the factors were a so grouped statistically using the Wilcoxon
ranked sign-test, a paired-sample non-parametric test.

The results show that the primary influences in setting a project’s starting date are the
user’s desires and the desires of the service leadership. These factors were rated significantly
higher than any other factor. They were followed by funding-related aspects, including the
expected availability of development funding, the expected availability of production funding, and
the results of the service planning process, which allocates resources.

No Impact Some I mpact Defining Impact
: : : : : : Statistical
User'sDesires | i_,_.| : | Groupings
Service Leadership Desires [ ; ; Lo ; ; 1

Expected Development Funding I :
Expected Production Funding : : | 2

Service Planning |—“—|
L

Technology Development
Dependence on Another Program
Engineering Requirements
Testing Requirements

T
10| e
Manufacturing Requirements |"'©_|
10
|
.

Support Requirements

1 2 3 4 5 6 7
Mean +/- 1 SE

Figure 8-10: Impact of Various Factorsin Determining a Project’s Starting Date
(Pentagon Survey Number of Projects = 52; Error Bars= +/-1 SE?).

9 Note: The error bars shown are determined using plus or minus one standard error of the mean and the statistical
groups are determined using the Wilcoxon non-parametric statistical test as described in Chapter 7.
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The remaining factors form athird statistical group that includes circumstances typically
associated with actual requirements. technology devel opment, engineering development, and
development of the manufacturing process. This group also includes testing regquirements, support
requirements, and dependence on other programs. The Program Element Monitors and Pentagon
action officers report that these factors have a significantly smaller impact. The user’s desireswere
reported to have alarger impact 6 times more often than technology devel opment (30 projectsto 5
projects). (Technology devel opment was the highest-rated development-related factor.) Fifteen
projects reported the two factors astied. Table 8-2 shows the number of projects for which the
user’s desires were rated as having alarger impact than other factors.

Number of | Number of | Number of
Projects Projects Projects
Rating Rating Rating
User’s Other Them
Desires Factor Equal
Other Factor Higher Higher
Service Leadership Desires 20 10 21
Expected Development Funding 24 10 16
Expected Production Funding 25 5 18
Service Planning 30 8 11
Technology Development 30 5 15
Dependence on Another Program 29 6 15
Engineering Requirements 31 4 15
Testing Requirements 35 1 14
Manufacturing Requirements 31 6 16
Support Requirements 36 2 12

Table 8-2: Reported Influence of User’s Desires vs. Other Factorsin Determining
a Project’s Starting Date (Pentagon Survey; Number of Projects = 51).

Once aproject is started, planning activities used to manage the development begin. One
aspect of planning is development of the project’ sinitial schedule. The partiesthat develop the
project’sinitial schedule, and the factors that influence its length, will be addressed next.

D. The PartiesInvolved in Developing a Project’s I nitial Schedule

The Program Office and Pentagon surveys asked respondents to indicate the invol vement
and influence of various organizationsin developing their project’sinitial schedule. Thiswas done
using a 7-point scale ranging from “not involved” to “extensively involved.” The responses show
that in amajority of projects, Program Offices are significantly more involved in developing the
initial schedule than any other group. The users are the second most involved, while potential
contractors were reported third. Program Offices were reported to be more involved in developing
theinitial schedule in 5 times as many projects as the next-highest group, the users. (The figures
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were 70 versus 14 projects, with 52 reporting the two groups as equally involved.) Figure 8-12
and Table 8-3 compare Program Office involvement and the involvement of other organizations.

PEO

Not Involved Somewhat Involved  Extensively I nvolved G?(t)?]tpl)?trzgzl
Program Offices ] |_I@_| i
Users .
Potential Contractors - |_9_||-s-| 3
Service Acquisition Community |_@-|
Service Budget Community - -@-l
Potential Sub-Contractors - |.@_| A

DoD Acquisition Community
FFRDC
DoD Budget Community

DoD Planning Community
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N
-

1 2

Mean +/- 1 SE

3 4

SPOs only

Figure 8-11: Organizational Involvement in Setting the Initial Project Schedule
(Program Office Survey; Number of Projects = 137).

The relative involvement of the Number of Number of Number
Program Offices in establishing ProjectsRating | Projects Rating of
theinitial schedule vs. the Program Office | thelnvolvement | Projects
involvement of other Involvement of Other Rating
organizations Higher Organizations Them
Higher Equal
Other organizations
Users 70 14 52
Potential Contractors 76 14 45
Service Acquisition Community 105 9 20
Service Budget Community 109 7 18
Potential Sub-Contractors 105 9 15
PEO 110 6 16
DoD Acquisition Community 113 8 12
FFRDC 103 8 20
DoD Budget Community 114 8 10
DoD Planning Community 118 6 I
Center Headquarters 111 3 17
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Table 8-3: Involvement of the Program Office vs. Other Organizationsin
Establishing a Project’s Initial Schedule (Program Office Survey; N=137).

Involvement in the process to develop a project’ sinitial schedule does not necessarily imply
influence. Pentagon survey respondents were asked to rank the influence of various groups on
their project’ sinitial schedule on a 7-point scale, from “not involved” to “sole influence.” They
reported that the Program Office and the users had the most influence, with those groups rating
significantly higher than all other organizations. The next group of organizations reportedly
influencing aproject’sinitial schedule are the service acquisition community and the service
leadership. (Thisis moreinfluence than would have been expected from the results of the Program
Office survey.) Theinfluence of other organizations, including potentia contractors, the services,
and DoD planning and budgeting communities, was rated significantly lower than that of the first
four groups. Figure 8-14 shows the reported influence of the various organizations across all
projectsincluded in the Pentagon survey. Again, the Wilcoxon ranked-sign method was used to
group factors statistically. Table 8-4 compares the reported influence of the Program Office with
that of other organizations.

Statitical
Not Involved Some Influence Sole Groupings
1

Program Offices : : ; ; = : 1
Users : : : : : : 2
Service Acquisition Community : ; : A ; . .
Service Leadership : : ] ’_'n:
Potential Contractors : : ! | N |
DoD L eadership

- . : : |—9—|
DoD Acquisition Community ; : —-

Service Budget Community
PEO

DoD Budget Community
Service Planning Community
DoD Planning Community
FFRDC

Potential Sub-Contractors
Service Cost Analysis Group

1 2 3 4 5 6 7

Mean +/- 1 SE Pentagon Survey

Figure 8-12: Organizational Influencein Setting the Initial Project Schedule, as
Reported by Pentagon Respondents (Number of Projects = 52).

| Therelative influence of | Number of | Number of | Number |
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Program Offices vs. other Projects Projects of
organizationsin establishing a Rating Rating Other Projects
project’sinitial schedule Program Organizations | Rating
Office Influence Them
Other organizations Influence Higher Equal
Higher
Users 17 14 21
Service Acquisition Community 26 5 21
Service Leadership Community 29 6 17
Potential Contractors 34 4 12
DoD Leadership 35 7 10
DoD Acquisition Community 35 3 13

Table 8-45: Reported Influence of Program Offices versus Other Organizationsin
Determining the Initial Project Schedule (Pentagon Survey; Number of Projects =
52).

The Program Offices reported significant involvement by contractorsin theinitia project
schedule, but Pentagon respondents indicated that defense contractors had significantly less
influence than the service acquisition community and the service leadership. In the Pentagon
survey, 48 percent of respondents indicated that the service acquisition community had more
influence than defense contractors, while 24 percent reported that the defense contractors had more
influence than the service acquisition community. Twenty-eight percent reported the influence of
the two organizations as the same. It isunclear whether these results reflect differencesin
organizational perspectives.

Aswould be expected, the Office of the Secretary of Defense was more involved in the
largest devel opment programs than in smaller programs. However, even for large programs, the
involvement and influence of OSD organizations was still much below those of service users and
Program Offices.

The analysis indicates that the primary organizationsinvolved in developing project
schedules are the Program Offices and the users. Potential contractors are often involved but have
lessinfluence. The planning, budget, and cost analysis groups, federally funded research and
development centers, and potential subcontractors do not play a significant role, nor does DoD for
MOost projects.

E. The FactorsDeter mining the Length of a Project’s Initial Schedule

To determine the influences on length of a project’ sinitial schedule, the Program Office and
the Pentagon Surveys asked respondents to rate a number of factorsidentified during preliminary



8. Development of a Project’ s Initial Schedule 193

interviews and literature research. The respondents rated these factors on ascale of 1 to 7, ranging
from “no impact” to “defining impact.” The average responses provide an understanding of the
relative importance of different factors across all the projects. The Wilcoxon ranked-sign test was
also used to identify groups of factors that can be separated from the others on a statistical basis.

The factors reportedly having the largest impact are the user’ s desires and the availability of
development funding. These factors were rated statistically higher than all other factors. They
were followed by the availability of expected production funding. The factorstypically associated
with development-rel ated aspects—engineering requirements, technological development, and
development of the manufacturing process—rated significantly lower, ranking fourth, seventh, and
tenth among 11 factors, respectively.

No Impact Somelmpact  Defining Impact
g g g g g g Statistical
User's Desires : : : : |-a-| : : Groupings
Expected Development Funding 1 |-e-| ,1)
Expected Production Funding { ; ; P ; ; -
Engineering Requirements { ! ’ sk
Testing Requirements 1 |-e-| 3
Service Leadership Desires - : : : |.@.|
Technology Development { ; ke
Service Planning - : : |_s.| : : :
Depend on Another Program { : el : : : 4
Manufacturing Process Dev | : : i i i i
Support Requirements | : : q{
1 2 3 4 5 6 7
Mean +/- 1 SE

Figure 8-13: Factors Affecting the Length of a Project’s Initial Schedule
(Pentagon and Program Office Surveys; Number of Projects =178).

Both the Program Office and the Pentagon surveys rated users desires and the availability
of development and production funding as having the largest impact. Notable differences between
the two surveys did appear, such as in the ranking of testing requirements and service planning.
But both surveys reported technology development and the manufacturing process as having alow
reported impact on the length of the development schedule.
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No Impact Some Impact Defining Impact
Usrsbestes | el | Graupies
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Expected Production Funding { e
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Technology Development | e
ServicePlanning { : F- 4
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1 2 3 4 5 6 7
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Figure 8-14: Average Rating for Factors Used to Determine the Length of Initial
Project Schedule (Program Office Survey; Number of Projects = 126).
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Figure 8-15: Average Rating for Factors Used to Deter mine the Length of Initial
Project Schedule (Pentagon Survey; Number of Projects = 52).
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Averaging the data may mask important aspects of the information. Anayzing the
responses on afactor-by-factor and project-by-project basis makes clear that user’s desires,
expected development funding, and expected production funding have alarger impact on most
projects than other factors. The tables on the next page show the project-by-project comparison of
responses regarding the user’ s desires, expected development funding, and expected production
funding versus other factors.

The user’ s desired date and expected development funding are rated more important on
approximately the same number of projects. For example, 69 projects rated the user’ s desires as
more important than expected development funding, while 64 projects rated expected development
funding higher than the user’ s desires. Forty-four projects rated them equal. These responses
cannot be statistically separated. In contrast, the user’ s desires were rated as having more
influence on twice as many projects (88 to 42) as engineering requirements.

When viewed across al projects, expected devel opment funding has alarger impact on the
length of the initial project schedule than any development-related aspects, including technology
devel opment, engineering requirements, and development of the manufacturing process. For
example, expected development funding had alarger impact than engineering requirementsin 88
projects, and a smaller impact than engineering requirementsin 57 projects. Expected development
funding had alarger impacts than technology development in 100 projects, and a smaller impact in
42 projects. Expected development funding had alarger impact than manufacturing process
development in 118 projects, while ranking lower in 26 projects. These differences are significant
based on the non-parametric paired-sample sign test at the 0.01 percent, 1 percent and 0.01 percent
levels, respectively. Clearly the expected development funding plays amajor role in the length of a
project’sinitial schedule.



196 Reducing DoD Product Development Time: The Role of the Schedule Devel opment Process

Factors Influencing the Length of the Project Schedule
User’s Desires vs. Other Factors

The reported relative impact of the user’s Number of Projects | Number of Projects | Number of
desired schedule vs. other factors on thelength | Rating User’'s Rating Other Projects
of aproject’sinitial schedule Desires Higher Factors Higher Rating
Other Factors Them Equal
Expected Development Funding 69 64 52
Expected Production Funding 78 53 41
Engineering Requirements 88 42 47
Testing Reguirements 98 42 38
Service Leadership Desires 87 20 69
Technology Development 105 38 34
Service Planning 96 24 53
Dependence on Another Program 109 39 25
Manufacturing Process Devel opment 118 26 31
Support Requirements 129 20 26
Expected Development Funding vs. Other Factors
The reported relative impact of expected Number of Projects | Number of Projects | Number of
development funding vs. other factors on the Rating Expected Rating Other Projects
length of the initial schedule Dev Funding Factors Higher Rating
Other Factors Higher Them Equal
User's Desires 64 69 52
Expected Production Funding 41 24 108
Engineering Requirements 88 57 33
Testing Reguirements 101 51 27
Service Leadership Desires 91 45 41
Technology Development 100 42 35
Service Planning 104 38 32
Dependence on Another Program 96 44 33
Manufacturing Process Devel opment 118 26 32
Support Requirements 121 29 25
Expected Production Funding vs. Other Factors
The reported relative impact of expected Number of Projects | Number of Projects | Number of
production funding vs. other factors on the Rating Expected Rating Other Projects
length of aproject’sinitial schedule Prod Funding Factors Higher Rating
Other Factors Higher Them Equal
User's Desires 53 78 41
Expected Devel opment Funding 24 41 108
Engineering Requirements 78 60 35
Testing Reguirements 83 55 36
Service Leadership Desires 79 50 43
Technology Development 88 47 37
Service Planning 85 38 46
Dependence on Another Program 85 47 36
M anufacturing Process Devel opment 99 20 47
Support Requirements 103 27 40

Tables 8-5, 8-6, and 8-7: Number of Projects Reporting the Impact of the User’s
Desires, Expected Development Funding, and Expected Production Funding as
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Larger, Smaller, or Equal to Other Factorsin Determining Length of a Project’s
Initial Schedule

These results appear to contradict earlier results indicating that users wanted 80 percent of
projects as soon as possible. This contradiction was discussed during presentation of the data at
the Aeronautical Systems Center, the Electronic Systems Center, the Pentagon, and MIT. The
strong consensus of participants at each location was that users' desires were determined primarily
by expected development and production funding, not their actual operational needs. Thisisalso
consistent with results from other survey questions.

In arelated question, the Pentagon survey asked respondents to choose between two
factors limiting their project’ s schedule: funding, and technology and engineering. Seventy-seven
percent indicated that funding was the limiting factor, supporting the earlier conclusions.

Funding Limited Vs
Technology and Engineering

Technology or
Engineering
Limited

Funding 77%
Limited

Figure 8-16: Percent of Respondents Reporting the Limiting Factor for Their
Project’s Schedule as Funding or Technology and Engineering (Pentagon Survey;
Number of Projects = 61).

The finding that expected funding availability has alarger impact than development-related
factorsis consistent across al types, sizes, and technological levels of projects. This consistency
indicates that the finding is systemic across the entire range of projects and the entire development
process, and cannot be dismissed as resulting from specific circumstances. The following graphs
show the average reported impact of each factor on different subgroups of projects.
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The Impact of Expected Development Funding vs. Engineering Requirements on

Length of a Project’s Initial Schedule

# Projects Rating

# Projects Rating

Expected Engineering # Rating
Development Reqguirements Them Total Number
Funding More More Important Equdly
Important Important
All Projects 88 57 33 178
By System Type # Projects Rating # Projects Rating #Rating Total Number
Expected Engineering Them
Development Requirements Equdly
Funding More More Important Important
I mportant
Alircraft 35 24 14 73
Spacecraft 5 3 0 8
Electronics 10 5 5 20
Missiles and Munitions 15 6 3 24
Software 13 10 3 26
Other 9 8 6 23
By Project Size # Projects Rating # Projects Rating
Expected Engineering # Rating
Development Requirements Them Total Number
Funding More More Important Equdly
Important Important
ACAT | Programs 32 18 9 59
ACAT Il Programs 14 10 6 30
ACAT lll Programs 42 28 17 86
By Technological Advance # Projects Rating # Projects Rating
Expected Engineering #Rating
Development Requirements Them Total Number
Funding More More Important Equdly
Important Important
Revolutionary Product 10 8 1 19
New Generation Product 30 22 10 62
Incremental |mprovement 46 27 22 95
By Organization # Projects Rating # Projects Rating
Expected Engineering #Rating
Development Requirements Them Total Number
Funding More More Important Equally
I mportant I mportant
Pentagon 25 16 11 52
Program Office 63 41 22 126

Table 8-8: Number of Projects Reporting the Impact of Expected Development
Funding as Larger, Smaller, or Equal to Engineering Requirementsin
Determining Length of Initial Schedule (Pentagon and Program Office Surveys:
Number of Projects = 178).
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Impact of Expected Development Funding vs. Technology Development on
Length of Initial Project Schedule

Expected Technology Rated Total Number
Development Development Equaly
Funding Rated Rated More Important
More I mportant I mportant
All Projects 100 42 35 177
By System Type Expected Technology Rated Total Number
Development Development Equaly
Funding Rated Rated More Important
More Important I mportant
Alircraft 43 17 13 73
Spacecraft 5 3 0 8
Electronics 10 5 5 20
Missiles and Munitions 14 4 6 24
Software 15 6 5 26
Other 11 7 5 23
By Project Size Expected Technology Rated Total Number
Development Development Equaly
Funding Rated Rated More Important
More I mportant I mportant
ACAT | Programs 36 12 11 59
ACAT Il Programs 16 6 8 30
ACAT lll Programs 48 23 15 86
By Technological Advance Expected Technology Rated Total Number
Development Development Equaly
Funding Rated Rated More Important
More I mportant I mportant
Revolutionary Product 9 8 2 19
New Generation Product 35 17 10 62
Incremental |mprovement 55 17 23 95
By Organization Expected Technology Rated Total Number
Development Development Equaly
Funding Rated Rated More Important
More Important I mportant
Pentagon 26 16 9 52
Program Office 74 26 26 126

Table 8-9: Number of Projects Reporting the Impact of Expected Development
Funding as Larger, Smaller, or Equal to Technology Development in Determining
Length of Initial Schedule (Pentagon and Program Office Surveys; Number of
Projects = 178).
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Impact of Expected Development Funding vs. Manufacturing Process on L ength
of Initial Project Schedule

Expected Manufacturing Rated Total Number
Development Process Equaly
Funding Rated Development Important
More Important Rated More
I mportant
All Projects 118 26 32 176
By System Type Expected Manufacturing Rated Total Number
Development Process Equaly
Funding Rated Development Important
More Important Rated More
I mportant
Alircraft 43 13 16 72
Spacecraft 5 1 2 8
Electronics 13 2 6 21
Missiles and Munitions 18 4 2 24
Software 20 3 2 25
Other 18 2 3 23
By Project Size Expected Manufacturing Rated Total Number
Development Process Equaly
Funding Rated Development Important
More Important Rated More
Important
ACAT | Programs 38 9 12 59
ACAT |l Programs 20 3 6 29
ACAT Ill Programs 60 13 13 86
By Technological Advance Expected Manufacturing Rated Total Number
Development Process Equaly
Funding Rated Development Important
More Important Rated More
I mportant
Revolutionary Product 12 3 4 19
New Generation Product 41 11 10 62
Incremental Improvement 64 12 17 93
By Organization Expected Manufacturing Rated Total Number
Development Process Equaly
Funding Rated Development Important
More Important Rated More
I mportant
Pentagon 29 12 11 52
Program Office 89 12 21 124

Table 8-11: Number of Projects Reporting the Impact of Expected Development
Funding as Larger, Smaller, or Equal to Manufacturing Process in Determining
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Length of Initial Schedule (Pentagon and Program Office Surveys; Number of

Proleqsctti@ Affecting the Length of the Initial Project Schedule
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Figure 8-17: Factors Affecting Length of Initial Project Schedule, by Acquisition
Category and Program Size (Program Office and Pentagon Surveys; Number of
Projects: ACAT | =60, ACAT Il = 31, ACAT Il =88).
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Figure 8-18: Factors Affecting Length of a Project’s Initial Schedule by Type of
System (Program Office and Pentagon Surveys; Number of Projects: Aircraft =

74, Space Systems = 8, Electronic Systems = 21).
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FigureB8-19: Factors Affecting Length of a Project’s Initial Schedule by Type of
System (Program Office and Pentagon Surveys; Number of Projects: Missiles
and Munitions = 24, Software-Dominated = 26, Other = 24).
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Factor s Affecting the Length of the I nitial Project Schedule
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Figure 8-20: Factors Affecting Length of a Project’s Initial Schedule by
Technological Advance of the Product (Program Office and Pentagon Surveys;
Number of Projects: Revolutionary = 19, New Generation = 63, Incremental =
96).
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F. Factors Determining a Project’s I nitial Funding Profile

Because of the influence of expected development and production funding, the Pentagon
survey asked respondentsto rate the factors affecting a project’ sinitial funding profile. The
responses identified the Pentagon’ s planning, programming, and budgeting system (PPBS) as the
primary factor--rated as having more impact nearly twice as often as the next highest-rated factor, -
-the funding profile proposed by the Program Office. All other factors rated consistently and
considerably lower, as shown in Figure 8-23.

No I mpact Some I mpact Defininggrtgtllj%ilggs

; ; ; ; p : 1
ServicePPBS System { - : : ; e ; 2

SPO Proposed Funding 1 : : : eH : 2

Expected Dev Funding 1 : : : |—©—|
Expected Service Budget 1 e
Expert Judgement - 5 : b e

Expected Production Funding 1 e ¢
Contractor Proposed |—©—{ :

Historical Similar Program 1 ; ; |—e—|
Bottom-Up Cost Analysis |—e—.-|
User Proposed Funding - |—e—|
Parametric Modeling 4 -
Comparable Commercial Dev - o |

1 2 3 4 5 6 7

Mean +/- 1 SE

Figure 8-21: Average Responses to Factors Influencing a Project’s Initial
Funding Profile (Pentagon Survey; Number of Projects = 54).

Another observation is that information-based factors, such as contractor-proposed funding
profiles, historically similar programs, bottom-up or task-based devel opment of funding profiles,
and commercialy comparable programs, average near the bottom in impact on initial funding
profile at the Pentagon level. It ispossible that these factors are not explicitly considered at the
Pentagon level, being more important in the Program Office funding profile. However, the PPBS
appears to overshadow even the Program Office' s proposed funding profileinitsimpact on initial
funding profiles.
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Table 8-11 shows the number of projects rating the PPBS process as having alarger or
smaller impact than other factors on the initial funding profile. Pentagon responses rated the PPBS
process as having over 8 times the impact of the user’ s proposed funding profile. The large
disparity between the impact of the Pentagon PPBS process and the user’ s proposed funding
profile indicates that funding-related decisions are made primarily at the Pentagon, not at the major
commands.

Programming, Planning, and Budgeting System vs. Other Factors

Therelative impact of the PPBS # Projects # Projects # Rating
processvs. other factorsin _ Rating the Rating Other Them
determining a project’sinitial funding Impact of the | Factors Higher Equal
profile PPBS Process

Other Factors Higher

SPO Proposed Funding Profile 23 12 18
Expected Development Funding 23 4 26
Expected Service Budget 28 5 21
Expert Judgment 31 7 16
Expected Production Funding 26 5 21
Contractor Proposed Funding Profile 31 9 13
Historical SimiTar Program 35 5 14
Bottom-Up Cost Analysis 38 4 12
User Proposed Funding Profile 34 4 18
Parametric Modeling 39 5 10
Comparable Commercial Development 40 4 10

Table 8-11: Number of Projects Reporting the Impact of the Programming,
Planning, and Budgeting System as Larger, Smaller, or Equal to Other Factorsin
Determining the Initial Funding Profile.
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G. Schedulelnformation Used to Develop a Project’s | nitial Schedule

The Program Office survey asked respondents to indicate the source of the information they
used to develop their initial project schedule. (Thelist of potential sources was based on
interviews and related literature reviews.) The results indicate that the primary sources of
information used by the Program Offices were expected devel opment funding and “expert
judgment” based on the participants experience. Other factors related to development-related
requirements, such as bottom-up schedule development, historically ssimilar programs, and
parametric modeling rated significantly lower, on average, and on a project-by-project and factor-
by-factor comparison. Comparable commercial development efforts rated significantly lower than
all other sources of information.

Follow-up discussions with program managers and other individuals revealed that the
judgment appeared to rest on an individual’s or group’s previous experiences. Program managers
most often described “expert judgment” as a best guess.

Not Used Used Occasionally Extensively Used Satistical
_ ; ; ; ; : : Groupings
Expected Funding ! ' ' : :
Availability T ; ; ; ; |“|: 1
Expert Judgement | _@_I
Contractor Proposal | |_©_| 2
Historical Similar Program | : ; |_@_| : : 3
Bottom-Up Schedule T 4
Development : : : _@_I : : .
Parametric Modeling |—6—| >
Comparable Commercia | |_®,_|
Development : :
1 2 3 4 5 6 7
Mean +/- 1 SE

Figure 8-22: Average Responses Regarding Sour ces of Information Used to
Determine a Project’s Initial Schedule (Program Office Survey; Number of
Projects = 130).
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Relative use of expected development # Projects # Projects #
funding versus other sources of Rating Rating Other Rating
information in developing aproject’s Expected Tools or Sources Them
initial schedule Development of Information Equal
Other Sources of I nformation Funding Higher Higher

Expert Judgment 51 41 36
Contractor Proposal 62 29 37
Historically Similar Project 64 30 34
Bottom-Up Schedule Development 67 19 42
Parametric Modeling or Estimation 85 15 24
Commercial Comparable Development 96 12 18

Table 8-12: Number of Projects Reporting Expected Funding as Greater Than,
Lesser Than, or Equal to Other Information Sourcesin Determining a Project’s
Initial Schedule (Program Office Survey; Number of Projects = 130).

Few project managers reported using comparable commercia development effortsas a
source of information in establishing initial development schedules. In fact, amajority reported
that they do not consider such experiences in developing project schedules. These results contrast
sharply with the number of respondents (49 percent) who attest to potential commercial markets for
key technologiesin their projects.

Not Used Occasionally Used Extensively Used

60

50

40 |

30 1

20 m
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1 2 3 4 5 6 7

Comparable Commercial

Figure 8-23: Reported Use of Comparable Commer cial Development Effortsin
Establishing the Initial Project Schedule (Program Office and Pentagon Surveys;
Number of Projects = 178).

H. Useof Scheduling Toolsto Develop a Project’s Initial Schedule

The Program Office Survey asked project managers how extensively they used different
scheduling tools to develop the initial schedule. Five potential scheduling tools had been identified
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through interviews and a literature search. These included the standard Gantt chart and milestone
charts aswell as the more sophisticated critical path management and PERT systems, and product
center-based scheduling models. An “other” response was included in the event that a key tool
was missed.

Project managers reported that the primary tool they used to develop theinitial schedule
was the relatively unsophisticated milestone chart (86 of 126 projects used such charts
extensively). Gantt charts were the second most-used scheduling tool, employed in 58 projects.
The more advanced tools were used significantly less frequently: 40 projects used critical path
management extensively, and only 18 used PERT extensively. Just 8 projectsindicated that they
used other tools extensively—with Microsoft Project being most often cited. Only 4 projects used
center-based schedule models extensively.

Not Used Occasionally Used Extensively Used

. . . . . Statistical
Milestone 1 : : : : : |'@'|
H H H H H 2

' Groupings
1

Critical Path Manage 1 : : ; |_0'.'|
PERT 1 ! ! |—e—|: :
e e :

Other % . |—-O—|l
Center Based Models 1 ; |—© H

1 2 3 4 5 6 7

N

Mean +/- 1 SE

Figure 8-24: Schedule Tools Used by Program Officesto Develop a Project’s
Initial Schedule (Program Office Survey; Number of Projects = 126).

# Projects # Projects # Rating
Other Factors Using Milestone |  Rating Other Them
Charts Tools Higher Equal
Gantt 44 19 55
Critical Path Management 65 12 40
PERT 81 9 20
Other 38 3 8
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[ Center-Based Model [ 96 | 1 [ 10 |

Table 8-13: Projects Reporting Use of Milestone Charts More or Less Often Than
Other Scheduling Toolsin Developing the Initial Schedule (Program Office
Survey; Number of Projects = 126).

[Scheduling Tools | Not Extensively
Used Occasionally Used
Used
Numerical rating 1 2 3 4 5 6 7
Milestone 3 1 3 15 18 47 39
Gantt 13 8 5 13 24 30 28
Critical Path Mgmt. 13 11 I 27 21 25 15
PERT 32 13 16 22 12 10 8
Other 37 1 1 1 1 2 6
Center-Based Model 63 15 5 9 6 3 1

Table 8-14: Distribution of Responses Regarding Use of Various Schedule
Toolsto Develop a Project’s Initial Schedule (Program Office Survey; Number
of Projects = 126).
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Summary on Development of a Project’s Initial Schedule

A project’sinitial schedule isnot determined by technology, engineering, or manufacturing
requirements but instead primarily by funding-related constraints. Respondents reported that users
wanted 80 percent of current projects as soon as possible, and that 70 percent of projects are
intended to remedy existing deficiencies. But despite this reported need and sense of high project
priority, project managers reported short schedules as the lowest project priority.

The starting date for a project is most often determined by the user’s or leadership’s
desires. Secondary items in determining when to start a project are funding availability and service
planning. Product devel opment-related aspects, including technology development, engineering
requirements, and manufacturing processes, do not play asignificant role in determining when to
start a project.

Program Offices primarily control the process used to develop the length of a project’s
initial schedule, with users, the service acquisition community, and potential contractors exerting
lessinfluence. Funding-based constraints, including the user’s desires as limited by funding, and
expected development and production funding, are most important in establishing the length of a
project’sinitial schedule. Product development requirements, including engineering requirements,
technology development, and manufacturing processes, rank well below funding-related
congtraints. Thisfinding is consistent across projects of all sizes, types, and levels of technical
advance. Schedulesfor 80 percent of current projects are limited by funding and not by technical
or engineering constraints.

The primary sources of information used to develop initial project schedules are expected
development funding and expert judgment. More analytically based information, such as
parametric modeling, historical similar programs, bottom-up schedul e development, and
comparable commercia programs, have significantly lessinfluence on project schedules. The
primary tools used to develop initia project schedules are the basic milestone and Gantt charts.
The more sophisticated Critical Path Management and PERT are rarely used extensively, though
many programs report using those tools occasionally.

Theinitia project schedule sets the stage for further acquisition planning and approval,
which in turn leads to the contracting phase. The impact of aproject’ sinitial schedule on
contractors’ proposed schedules and actual contracted schedules is addressed in the next chapter.



Chapter 9

Thelmpact of a Project’sInitial Schedule on
the Contracting Process

Defense contractors accomplish nearly all Air Force development projects. The contract
established between the Program Office and the company describes what needs to be done and
when it needs to be completed. This contracted schedule is developed from the government’s
initial schedule and the contractor’ s proposed schedule, which isin turn affected by schedule-
related incentives from the Program Office. Aswill be shown in Chapters 10 and 11, the
contracted schedule plays the central role in determining the time it takes to develop a project.

Planning Phase Contracting Phase Development Phase

Select Contractor

Develop Initial and Actual
Project Schedule Development
Develop Contract
Schedule
Schedule
Project Contract First
Approval Signed Production

Item

Figure 9-1: Development of the Contract Schedule During a Project’s Contracting
Phase.
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A. The Expected Schedule Included in the Request for Proposals

A significant number of projects publish an expected schedule as part of the request for
proposals (RFP). To determine how often that occurs, the Pentagon survey asked if the project
had, through its RFP or other means, specified an expected schedule to potential contractors. Of
those respondents, 80 percent said that the Program Office had established an expected schedule
for the contractors.

“ Did the Government, through its RFP or other means,
specify an expected project schedule to the contractors?”

Specified Schedule
Expected 80% 20% Not
Schedule Specified

Figure 9-2: Percentage of Projects Reporting a Project Schedule Specified to
Contractors. (Pentagon Survey; Number of Projects = 48).

These results are consistent with those in amaster’ s thesis completed under the purview of
the Air Force Ingtitute of Technology. Richard Hazeldean and John Topfler found that 20 of 25
development contracts they studied at Wright-Patterson Air Force Base were “pre-scheduled,” and
had included an expected schedule in the request for proposal .*

Before examining the effect of the government’ s projected schedule, it is useful to look at

% Richard Hazeldean and John Topfer. Contracting for Schedule Performance. Air Force Institute of Technology.
AFIT/GSM/93S-7 Wright-Pattterson Air Force Base OH. Pg. 4-10.
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contractors' view of their ability to influence project planning prior to release of the RFP.

B. Contractor’s Ability to I nfluence the Request for Proposals

The contractor survey asked respondents to rate their company’ sinfluence on various
aspects of the project prior to release of the RFP. The contractors reported having the most
influence on the project concept. They reported significantly less ability to influence the system
performance requirements, and even less ability to influence project schedules. The contractor’s
influence on trade-offs among performance, cost, and schedule; program funding levels; and the
project’ s acquisition strategy fell in the lowest statistical group.

No Impact Some Impact Very Large Impact Satistical
: : : : : : Grouping
Product Concept - : : : |—e—| 1
Performance | _©_| A
Requirements
: : ; : : : 3
Project Schedule 1 1—9-|
Trade-offs (Cost, | ; ; |—e—| ; ; ; 4
Schedule, Performance) : : : : : :
Budget or Funding | |_©-|
Profile | : |_ e_I §
Acquisition Strategy : : :

1 2 3 4 5 6 7

Mean +/- 1 SE

Figure 9-3: Contractors’ Reported Ability to Influence a Government RFP Prior
to Its Release (Number of Projects = 99).

On average, contractors report having less than “some impact” on the government’s
schedule development prior to RFP release. The Program Office survey indicated that
contractors were the third most important organization affecting project schedule
development. Results of the Pentagon survey ranked contractors fifth in influence on
development schedules.

The type of contract award appears to have a significant impact on contractors
ability to influence a program. Contractors with competitively awarded contracts appear to
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have dramatically less influence on a project’ s schedule, as well as on the projected budget
profile and acquisition strategies. No statistical differences were noted in contractors
abilities to influence performance requirements, product concept, or the trade-off among
cost, schedule, and performance, based on type of award.

No Impact Some Impact Sole Impact

o o [ E— + = Difference
Significant at

Project’s Schedule #_l_l_l the 0.001 level

*

Project’s Budget or Funding + = Difference

Project’s Performance ﬁ the 0.07 level
Requirements
Acquisition Strategy _—l—‘ T Type of Award

Trade-Offs Cost Schedule, Bl competitive
Performance

| | | | ] |:|Sole Source
1 2 3 4 5 6 7

Figure 9-4: Impact of Competition on a Contractor’s Ability to Influence Various
Aspects of a Project (Statistical Differences Determined Using the Wilcoxon
Signed-Rank Test).

C. Contractor Schedule Inputs

If contractors have little ability to influence the government’ s expected schedule
prior to RFP release, what impact does that schedule have on the contractor’ s proposed
schedule? In developing a proposed schedule, contractors consider many factors. The
contractor survey asked respondents to rank five such factors from “no impact” to “sole
determinant.” The customer’ s desired schedule was reported to have the largest impact on
contractors' proposed schedules by awide margin. The factors associated with the actual
development requirements, including expert judgment, bottom-up schedule devel opment,
historically similar programs, and comparable commercia development, were al rated
significantly lower than the customer’ s desired schedule. Thirty-two percent of
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respondents indicated that the customer’ s desired schedul e was the “ sole determinant,” and
another 34 percent selected the next-highest rating. None of the other factors, including
“expected funding availability,” *expert judgment/bottom-up schedule devel opment,” and
“historically similar programs,” averaged above “moderate impact.”

No Impact M oderate | mpact Sole Determinant
; ; ; ; ; ; Statistical
: : : : : ; Grouping
Customer’s Desired : : : i : :
Schedule ] : : : : |'@‘| : 1
Expected Funding - -I ; 2

Expert Judgment/ | |—©—

Bottom-Up i : : i : i
Historically Similar :
Programs | : : |"3-|:
: : : : : : 3
Comparable | : |.@.| : : : : :
Commercial : : : : : :
Development : : : : : :
1 2 3 4 5 6 7
Mean +/- 1 SE

Figure 9-5: Impact of Various Factors on a Contractor’s Proposed Schedule
(Contractor Survey; Number of Projects = 96).
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Figure 9-6: Impact of Customer’s Desired Schedule on Contractor-Proposed
Schedule (Contractor Survey; Number of Projects = 99).

Project characteristics such as product type (aircraft, spacecraft, electronic system, or
munitions), product size (ACAT level), and acquisition phase did not have a significant impact on
the reported contractor schedule inputs. The type of contract selection (sole source or competitive
source) also did not have alarge impact on the contractor’ s schedule development. The customer’s
desired schedule was rated dightly higher for competitive procurements than for sole-source
awards, but the difference was statistically significant at only the 0.15 confidence level.
Contractors on both types of contracts reported primarily using the customer’ s desired schedule.
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Customer’ s Desired Schedt
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Figure 9-7: Effect of Competition on Contractor Schedule Inputs by Type of
Contract Award (Contractor Survey; Number of Projects = 96).

Comparable commercial development projects were rated as having the lowest impact on
the contractor’ s proposed schedule, and appeared not to play any significant role in most projects:
61 of 96 reported “no impact.” Overall, 81 percent of respondents chose one of the two lowest
categories. Comparable commercial development efforts were rated higher than expert judgment in
5 of 95 cases, higher than historically similar programsin 2 cases, and higher than expected
funding in 2 cases.
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Figure 9-8: Impact of Comparable Commercial Development on a Contractor’s
Proposed Schedule (Contractor Survey; Number of Projects = 96).

The very low impact of comparable commercia efforts would imply that such efforts are
not relevant to military projects. However, responses to other questions indicate that it is not the
technology of military projects that separates them from commercial projects.

To determine the relevance of commercial development efforts, both the contractor and
Pentagon surveys asked if the key enabling technologies used in the projects had existing
commercial markets. Among 162 projects, 68 percent reported at |east “some commercial markets’
for key enabling technologies used in the project. In aseparate question, the Program Office
survey asked whether technologies used in the project had more demanding requirements than
commercia technologies, and whether the system should therefore take longer to develop and
field. Forty-three percent did not agree, indicating that they believed projects they were working
on should not take any longer. An additional 29 percent indicated that they “somewhat agreed,”
while 29 percent indicated that they “strongly agreed” that the projects should take longer to
develop.
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These resultsindicate that in many cases commercia development efforts use smilar
technologies. The results aso indicate that factors other than technology underlie the low impact of
comparable commercial projects on schedules for military projects.

D. Contractors Incentives and Source Selection Criteria

With contractors reporting that the customer’ s desired schedule is the dominant influence
on their proposed schedule, it was important to determine the schedul e-rel ated incentives that
contractors experience. The surveys thus attempted to determine the importance of the
development schedule in selection of a contractor, and the incentives for contractors to propose
alternative schedules. During proposal development, acompany’s primary objectiveisto be
selected for the contract. Failure likely means exclusion not only from devel opment but also from
production and long-term support activities.

The Program Office and Pentagon surveys queried respondents on the importance of the
development schedule in choice of contractor. Among program managers, 78 percent listed
development time as “ somewhat important” or “not important” as a source selection criterion.
Fully 30 percent identified development time as * not important,” while only 22 percent identified it
as“very important.”
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Figure 9-9: Importance of Development Time as a Sour ce Selection Criterion
(Program Office and Pentagon Surveys; Number of Projects = 150)

To determine the impact of source selection criteria on contractors as they develop their
proposals, the Contractor Survey asked respondents to indicate their net incentive to bid a schedule
different from that proposed by the government. Sixty percent responded that they had “no
incentive” to bid a different schedule, while 15 percent indicated that they had a negative incentive.
Only 25 percent indicated a positive incentive, and just 6 programs indicated a strong incentive to
bid a different schedule. The responses reveal that contractorsfeel little incentive to bid schedules
other than what Program Offices expect.

Strong Disincentive No Incentive Strong

Il nrentive
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Figure 9-10: Contractor’s Incentive to Bid a Schedule Different from the
Expected Schedule (Contractor Survey; Number of Projects = 96).

There may be several explanations for the fact that contractors do not view development
time as an important selection criterion, including the lack of overall priority given to development
schedules, as shown in the last chapter. However, experience in the commercial market might
suggest that competition would increase contractors' incentives to reduce time to market and bid a
shorter schedule. But the survey results indicate that the opposite istrue: contractors involved in
competitive source selections report that they have lessincentive to submit a proposal schedule
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different from the government’ s estimate. In both sole-source and competitive selection, there
appears to be little incentive to bid a schedule different from what Program Offices expect.
Competition based on time to market does not generally appear to occur in defense devel opment
projects.

Strong Disincentive  No Incentive Strong Incentive
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Figure 9-11: Distribution of Reported Contractor Incentive for Bidding Different
Schedules, for Sole-Source and Competitive Awards (Contractor Survey; N =
96).

During follow-up interviews, several contractors expressed surprise that incentives
to bid a different schedule were even this high: they believe there is generally astrong
disincentive to bid different schedules. The reason they provided is that the Program
Offices believe they understand how long it will take to develop the project, and if
contractors bid different schedules they are seen as higher-risk or non-responsive. This
attitude is seen in companies guidance to proposal development teams outlined in Chapter
3. Such guidance emphasizes that telling Program Offices they are wrong “is not a
winning strategy.”

Contractors often have the option of submitting an alternative proposal in response to an
RFP. Several interviews with Government program managers at the Aeronautical Systems Center
and the Electronic Systems Center, however, revealed that Program Offices rarely consider
aternative proposals. Interviewees believed that submitting an alternative proposal split the
contractor’s proposal preparation effort and resulted in two lower-quality proposals, each with a
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smaller chance of selection. Contractors also stated that submitting two proposals might indicate
that the company could not make up its mind, revealing alack of ability to make hard decisions.
They stated that the typical approach isto submit the proposal that stands the highest chance of
being selected, and then to discredit the other approach in case a competitor has selected that
approach. Such “ghosting “ of non-selected approaches is a'so documented in one company’s
proposal development guide.

Interviewees at the Aeronautical Systems Center stated that an RFP often forbids alternative
proposals, and that when not forbidden they are rarely encouraged. They stated that proposals not
meeting the expectations of the Program Offices are viewed with suspicion and generally
automatically perceived to have higher risk. They aso stated that for acompany’ s aternate
proposal to be considered, its primary proposal would have to be in the competitive range and
stand a good chance of being selected.

E. Resulting Contractor Proposals

Any effect of schedule incentives would appear in contractors' proposals. The Contractor
survey asked respondents to quantify the difference between their company’ s proposed project
schedule and the Program Office’ s expected schedule outlined in the RFP. Of 83 respondents, 62
or 75 percent said their proposed schedules matched the length of the Program Office’ s planned
schedule exactly.
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Figure 9-12: Difference Between Winning Contractor’s Proposed Schedule and
the Government’s Expected Schedule (Contractor Survey; N = 83).

The responding contractors do not represent all the companies that bid on the projects, only
those that won contracts. To examine the larger set of all bidding companies, the Program Office
survey asked respondents to identify all the proposals received. Of the 282 proposals reported,
only 32 were shorter than the government’ s planned schedule by more than 5 percent. Some 194
were within 5 percent, and 56 were longer than the government schedule by more than 5 percent.
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Figure 9-13: Proposals Received by Program Offices Compared with Their
Expected Schedule (Program Office Survey; Number of Projects = 83).

The Pentagon survey found similar results. Of the 30 Pentagon respondents who had
completed the source selection process, al but 6 selected contractors who bid exactly the schedules
expected by the Program Office. Four of the 6 winning contractors who bid different schedules
bid shorter schedules, while 2 bid longer schedules.

The effect of competition on contractors proposed schedulesis opposite to what would
have been expected from commercial experience. On average, contractors participating in a
competitive selection process proposed project schedules 4.5 percent longer than the Program
Office estimate. Schedules from contractors operating in a sole-source environment were 3 percent
shorter, on average, than the Program Office estimate. However, while this differenceis
significant at the 92 percent level using the independent samplest-test, caution should be taken as
the number of projects bidding different schedulesissmall. A vast mgjority of both competitive
and sole-source proposals are no different from the Program Office’ s expected schedule.
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Figure 9-14: Percentage Difference between the Winning Contractor’s Proposed
Schedule and the Program Office’s Expected Schedule (Pentagon Survey;
Number of Projects = 32).
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Figure 9-15: Percent Difference between the Program Office’s Expected Schedule
and the Contractor’s Proposed Schedule for Competitive and Sole-Source Awards
(Contractor Survey; Number of Competitive Contracts = 44; Number of Sole-
Sour ce Contracts = 39).
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Summary of Contracting-Phase Schedule Results

During the contracting phase, the Program Office selects plans for the devel opment project
aswell as acontractor to execute them. Thisis done through arequest for proposals on which
contractors bid. The contracted schedule between the Program Office and the winning company is
very important, asit details what the contractor is to accomplish and when.

Development of the contract schedule is driven primarily by the project’ sinitia planned
schedule and not by other factors. Overall 80 percent of projects specify an expected scheduleto
contractors. A contractor’s primary consideration in proposing a project schedule is the Program
Office' sdesired schedule. The company’ s development capabilities are given much less
consideration. When developing a proposed schedule, contractors report no incentives to bid
anything other than what the government has requested. Program Office and Pentagon respondents
report that short schedules are not an important source selection criterion, and do not give a
contractor any advantage in that process. Bidding a schedule different from what is expected
increases the perceived risk to the government and the contractors. Because companies that bid a
different schedule are considered “non-responsive” to the RFP, they are less likely to be selected.
Thusindustry parrots back government-estimated schedules with few changes. From these
contractor proposals the Program Offices select the winners and award the contracts.

Aswas shown in the previous chapter, a project’ sinitial schedule is determined primarily
by the available funding. The overall result of the planning and contracting phases are that contract
schedules are based primarily on the Program Office sinterpretation of aproject’s funding
constraints, not on its development-related requirements or the contractor’ s product devel opment
capabilities.






Chapter 10

Schedule Incentives During the Development Phase

Awarding the devel opment contract marks the end of the contracting phase and the
beginning of the development phase. The latter phase ends with the delivery of the first production
item, marking the point when the vast mgjority of development-related activities are complete.
Although the contracted schedule plays a significant role in setting product development times, it
does not necessarily determine the amount of time it will actually take to develop a new system.
Actua development times can be longer or shorter depending on many factors, including technical
problems, funding constraints, and changing Air Force objectives. This chapter looks at the
incentives for different organizations associated with project schedules from the time of contract
award until delivery of the first production item.

To understand these incentives three surveys—of the Pentagon, Program Offices, and
contractors—asked respondents to report the incentives to meet or exceed various project
objectives they had experienced. A series of follow-up interviews with representatives from each
group helped interpret and explain the results.

229
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Select Contractor
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Project Schedule Development
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Schedule
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Project Contract First
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Figure 10-1: Project Schedulesin the Development Phase.

A. Users Incentivesfor Reducing Cycle Time

Because the surveys did not target the user community directly, Pentagon respondents, as
the closest available surrogates, were asked a number of questions about users’ incentives.
Program element monitors and action officers are the spokespeople for users and projects within
the Pentagon, and as such are expected to be aware of users' objectives and priorities. The
responses indicate that users have alarge incentive to meet a project’s planned cost, schedule, and
performance goas. The responses aso indicated that many users have a significant incentive to
exceed project goalsin all aspects of cost, schedule, performance, and reliability. The incentives
for increasing product reliability, reducing project schedules, cutting total project cost, enhancing
technical performance, and reducing unit costs were al positive. The reported differences between
various project objectives were not statistically significant.

Overall, Pentagon respondents indicate that 65 percent of users have a positive incentive to
shorten a project schedule; 47 percent indicated that the users had a significant or strong incentive
to shorten a project’ s schedule. Of those that provided a description of the schedule-related
incentives for users, many mentioned the need for enhanced combat capability to meet operational
objectives. Others mentioned the lower operational and maintenance costs promised by the new
systems.
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Figure 10-2: User Incentives to Meet and Exceed Project Objectives as Reported
by Pentagon Survey Respondents (Number of Projects = 60).
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Figure 10-3: Average of Users’ Incentivesto Meet or Exceed Project Objectives
(Pentagon Survey; Number of Projects = 60).
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Figure 10-4: Users’ Incentivesto Reduce Development Time (Pentagon Survey;
Number of Projects = 49).

B. Incentivesfor Reducing Cycle Time within the Pentagon

To determine the incentives within the Pentagon to meet or exceed project objectives, the
Pentagon survey asked respondents to rate various project objectives as viewed by their
organization, and as they viewed them personally. The survey aso asked what impact meeting or
exceeding project objectives had on their personal performance rating and their potential for
promoation.

The survey asked respondents to rank-order four project objectives as viewed by their
organizations. low acquisition cost, low operation and support cost, superior technical
performance, and a short schedule to operational capability. The respondents most often rated
superior performance asthe first priority, low acquisition cost as the second priority, and low
operating and maintenance costs as the third priority. Short schedule was most often rated as the
fourth of four objectives, and rated significantly lower than each of the other objectives. A total of
65 percent of respondents listed short schedule as either the third or fourth of the four project
objectives, while 42 percent rated short schedule as the fourth of four objectives.

Pentagon respondents were also asked to rank-order the four objectives as they personally
viewed them to determineif their views differed from those of their organizations. Here the most
important objective was reported as lowering aproject’ s acquisition cost. Other objectives such as
improving system performance, lowering operating costs, or shortening the schedule were rated
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significantly lower. Short schedule was statistically tied with low operating costs for last of the
four objectives.

Given the low priority placed on shortening schedules compared with other objectives, itis
unlikely that program element monitors or Air Staff action officers would push for reducing project
schedules. They would be more likely to work toward achieving either what they view their
organi zation wants or what they personally view as most important: improving performance or
reducing acquisition cost. Shortening the schedule is not generally seen as an important
organizational or personal priority.
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Performance Low Acq Cost

Low Ops Cost

Short Schedule

Figure 10-5: Perceived Project Objectives from Pentagon Respondents (Number of
Projects = 60).
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Figure 10-6: Respondents’ Personal View of the Importance of Various
Objectivesto the Development Effort (Pentagon Survey; Number of Projects =
60).

The Pentagon survey also asked respondents to indicate how not meeting, meeting, or
exceeding their project objectives affected their personal performance ratings and potential for
promotion. The most frequent responses in each category indicated that the success or failure of a
program has no impact on respondents’ performance rating or potential for promotion. Overall, 85
percent replied that exceeding objectives would have only “some impact” or less on their
performanceratings. And 75 percent stated that not meeting the project’ s objective would have
some or small impact on their rating or potential for promotion.

In follow-up interviews, several program element monitors reiterated that the success of a
project had little effect on their personal performance rating or potential for promotion, and
indicated they felt that it should not affect their performancerating. Those interviewed felt that
since they had little control over the success of a program, it would be unfair to rate them by the
success or failure of the program. Some program element monitors seemed somewhat detached
from their specific programs, indicating that they had to support what was good for the entire Air
Force and could not just push for their specific program. Others were strong advocates and
appeared very active in planning and executing a program. According to regulations, the program
element monitor is the program’s official representative, spokesperson, and advocate within the
Pentagon. Several Pentagon-level respondents indicated that other factors such as appearance,
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hours worked, and responsiveness to requests for information were more important to their
performance ratings than program success.
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Figure 10-7: Pentagon Respondents’ Perceived Impact of Not Meeting, Meeting,

or Exceeding Project Goals on Personal Performance Ratings and Potential for
Promotion (Number of Projects = 58).
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C. Program Office Incentivesfor Reducing Development Time

The Program Office survey queried project managers about incentives to meet or exceed
project objectives; whether short schedules were viewed as an important objective; and the effect of
exceeding various objectives on their personal performance ratings. The Program Office survey
also asked about the continuity and tenure of project managers and project staff. To determine
incentives transmitted to Program Offices from organizations within the Pentagon, the Pentagon
survey also asked respondents about incentives the Program Offices had to exceed various
objectives. Again the resultsindicate few significant incentives for reducing project schedulesin
the Program Offices.

The Program Office survey asked project managers to rank-order four project objectives:
superior technical performance, low acquisition cost, low operations and maintenance costs, and
short schedule to operational capability. The largest number of project managers indicated that
superior performance was the first project objective. Low acquisition cost was rated most often as
second. Low operations and maintenance costs were most often rated as third. Shorter schedule
was again most often rated as the fourth of four project objectives. Shortened schedule was rated
significantly lower than superior performance and low acquisition cost, and roughly equivalent to
low maintenance costs. As with Pentagon respondents, project managers are likely to focus on
what they see as the first or second project objective. Any additional effort on the part of project
managersislikely to be amed at better performance or lower acquisition cost, and not at shorter
cycletimes.

Another question asked government project managers to what extent a short acquisition
cycle was an important part of projects objectives. Asshown in Figure 10-9, the distribution of
responses was spread roughly equally from not important to very important. Managers of 36
projects, or 25 percent, indicated that short schedules were not important. Managers of 59
projects, or 41 percent, said short schedules were “somewhat important.” Managers of only 49
projects, or 34 percent, indicated that short schedules were an important project objective. Thusa
substantial number (66 percent) of project managers do not see a short schedule as a particularly
important objective for their projects, even when not competing against other project objectives.
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Figure 10-9: Number of Project Managers Reporting Short Acquisition Cycle as
Very Important, Somewhat Important, or Not Important (Program Office Survey;
Number of Projects = 144).
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The Pentagon survey asked respondents to indicate the incentives for Program Officesto
meet or exceed various project objectives. The Pentagon respondents indicated that the Program
Offices have some incentive to meet project objectives but very little incentive to exceed them. The
incentives for exceeding project objectives were reported to be significantly lower than those
reported for users.

As shown in Figures 10-10 and 10-11, the program element monitors believe that the
Program Offices incentives for achieving a shortened schedule are significantly lower than for
meeting the schedule. Only 20 percent of projects were reported with significant incentives to
shorten schedule, and 23 percent with a dlight incentive. Thus 58 percent of the projects were
reported to have either no incentive (46 percent) or anegative incentive (12 percent) to shorten the
schedule. Program Offices are seen as having a significantly stronger incentive to meet, as
opposed to exceed, program objectives, with 80 percent of respondents indicating they had a
positive incentive to do so.
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Figure 10-10: Pentagon View of Program Offices’ Incentives for Meeting or
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Figure 10-11: Pentagon View of Program Offices’ Incentive to Reduce
Development Time (Pentagon Survey; Number of Projects = 59).

The Pentagon survey asked respondents to indicate the form or type of incentive for
Program Officesto achieve or exceed objectives. Very few responsesindicated any specific,
structured, or formalized incentive. Many mentioned oversight by |eaders from the services and
DoD asamotivating factor. Most othersindicated “doing the right thing,” individual initiative, and
“patriotic duty” astheincentives. Few pointed to a specific organizational or individua financial,
personal rating, or position-based incentive for Program Offices. Many indicated that the
objectives of the program were to achieve their goas and not to exceed them.

To measure personal incentives, the Program Office survey asked project managersto
rank-order various project goals—completing under budget, completing ahead of schedule,
exceeding technical performance requirements, or exceeding operability/maintenance
requirements—Dby their importance to their performance rating and potential for promotion.
Meeting project goals was not included in this question as an option. Of the four objectives,
finishing below cost was rated most often as having the most impact on project managers
performanceratings. Delivering aproject ahead of schedule was most often rated as having the
second-largest impact. Asillustrated in Figure 10-12, exceeding operability and maintenance
requirements was rated last on program managers' report by awide margin, and was rated last by
55 percent of project managers. In the comment section or in the margins, many program
managers wrote that the objectives were to meet the cost schedule and performance goals and not to
exceed them.
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One important note on the responses was that over 20 percent of the respondents took the
time either to write comments that exceeding the objectives had little or no impact on their
performance ratings or had marked all four objectives as the fourth and lowest priority. These
observations were supported in interviews with program managers and with a separate group of
junior acquisition officers. Many officers believe that the performance of their projects does not
particularly affect their performance ratings.
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Figure 10-12: Perceived Effect of Various Objectives on Program Managers’
Performance Ratings and Potential for Promotion (Program Office Survey;
Number of Projects = 142).

Many senior acquisition officers commented on the surveys and in follow-up interviews
that it is much more important to meet the expected schedule, no matter how long, than to try to
achieve a shorter schedule and risk not fulfilling it. Success appears to be defined as meeting the
planned schedule and not shortening it. Meeting the schedule was stated to be more important even
if the project could be delivered earlier than originaly planned. The perceived success of the
program and the ramifications for the personnel involved focused on how the project met
expectations, not on the time required to develop and field it. Managing expectations for the
project was seen as asignificant part of ensuring the project’ s perceived success.
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An example of managing expectations was observed in a case study of a successful recent
effort to develop aweapon system. The project received very high Air Force priority and its
funding was not limited. Severd earlier tests had already been conducted on prototypes, and the
project relied entirely on proven technologies. Even in this case, the Program Office strongly
resisted significant efforts by several senior leaders to shorten the project’sinitial schedule during
the planning phase. This occurred despite the fact that the Program had strong evidence that a
significantly shorter schedule was possible, and a contractor that pushed for and initialy bid a
significantly shorter schedule. The program manager stated that resisting the shorter schedule
ensured that the project would meet the schedule and thus be seen as a success. The program
manager bluntly stated that it was more important for this project to be considered a success even if
the total time was significantly longer than to shorten the planned schedule and risk not meeting it.
The extratime caused atwo-year delay in integrating the weapon into the flight mission software of
several fighter aircraft, as the schedule moved to alater biannual update. This significantly delayed
initial operating capability on those aircraft, and the system was not ready during a threatened
action againgt Irag in the spring of 1998.%

During adiscussion group with approximately 20 junior acquisition officers (captains and
lieutenants), it was evident that the group felt the performance of the project they worked on had
little impact on their performance ratings or potentia for promotion.’® Captains and lieutenants
aretypicaly assigned as project managers on smaller development projects. Severa stated
outright, and most agreed, that how they fulfilled their additional duties, such as organizing a unit
party, had alarger effect on their performance rating than did the performance of their program.

One potential reason for this apparent lack of accountability isthe short period that each
project manager isin charge of aproject. Some 65 percent of managers surveyed have beenin
charge of their projectsfor less than 18 months, and 47 percent have been in charge lessthan 12
months. The average tenure for managers of the 144 projects surveyed is 20 months. And this
figure includes a number of civilian program managers, who typicaly stay significantly longer
than their military counterparts. The average tenure is short compared with the average of 75
months from start to first production item for the same projects. Theresult is alarge number of
managers per project: 80 percent of projects surveyed have changed managers at least once, while
57 percent have had three or more project managers so far.

9 “US Bombs Not Much ‘ Smarter.”” Boston Globe. Pg 1. February 20, 1998.
19 The meeting was conducted with 20 officers at Hanscom Air Force Base in September 1996. It wasintended to
address the concerns of the junior officersin the acquisition-related career field.
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A large number of project managers makes for difficulty in assigning decision-making
responsibility. Even if responsibility for a decision can be assigned to a particular manager, he or
she has often moved on before the results ensue. In fact, it is standard policy to ensure that
younger officers, who often serve as managers on small projects, change Program Offices every
18 months to ensure that they experience different acquisition positions during atypical three-year
assignment.

The survey data show not only that program managers change positions but that the entire
staff rotates out as various projects proceed, undermining continuity. Figure 10-15 showsthe
percentage of original project staff remaining on a project. The Packard Commission report raised
similar concerns 10 years ago.
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D. Contractors Incentivesto Reduce Schedule

The Program Office and contractor surveys asked questions to determine contractors
incentives to meet or shorten a project’ s schedule. The Program Office survey asked project
managers to indicate the schedul e-related incentives they provide to contractors through their
contracts. The contractor survey asked contractors to indicate the incentives from Program
Offices, and their overal incentives to meet or exceed project objectives based on their companies
bottom line. The resultsindicate that contractors have few incentives to shorten project schedules.

D.1. Program Office Incentives for Contractors

The Program Office survey asked questions about schedule-related incentives the Program
Office provided to contractors for on-time or early completion of a project or major milestone.
The vast majority of project managers report no financial incentives for contractors to either meet
or reduce the project schedule. Two-thirds of al projectsinclude no financial incentives for on-
time completion. Some 75 percent of project managers report that their contracts provide no
financia incentive for early completion, while 85 percent report that the incentive for early
completion was less than 2 percent of the contract value. The average incentive for on-time
completion across al projectsislessthan 3 percent of the contract value. The average incentive
available for early completion of a project or magjor milestoneislessthan 1.5 percent of the
contract value.

Despite the low schedule-related incentives reported, these numbers may significantly
overestimate the schedule-based incentives. Written comments and follow-up interviews revesled
that many respondents included the entire potential award fee in their responses, and not the
percentage of the award fee associated solely with schedule performance. The award feeis
typically based on a number of factors, including schedule. A contractor may receive all or nearly
all of theincentive because of considerations other than schedule. Thiswould imply that the
amount of incentive specifically available for on-schedule performance or shortened schedule may
be even less than these small averagesindicate. The average percentage of available award fees
given to contractorsis near 93 percent.’®

101 Based on conversations with Mr. Blaise Durante, Deputy Assistant Secretary of the Air Force (Acquisition)
Management Policy and Program Integration (SAF/AQX).
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Figure 10-16: Percentage of Contract Value Available for Incentive for On-Time
Completion of the Project or a Major Milestone. (Program Office Survey;
Number of Projects = 108).
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Comments from several industry representatives involved in the Lean Aerospace Initiative
indicate that award fees may play asignificantly larger role than indicated by financial aspects.
The percentage award fee isin essence areport card from the Program Office on the company’s
response to the Program Office' s desires and concerns. Senior managers at the company use the
percentage of the award fee to indicate the project’ s status.

Another issueisthat contract incentives for on-time completion are based on the schedule
asit exists at the time of evaluation or completion, not the original contracted schedule. The
contracted schedule can and often does change by mutual agreement. This allows contractorsto be
“on schedule’ despite the fact that the schedule has lengthened significantly.

The observation that there is not a significant incentive schedule fulfillment and reduction is
consistent with the low reported priority placed on those ends by the Program Offices.

D.2. Program Office I ncentives as Viewed by Contractors

The contractor survey asked respondents to rate the extent that a Program Office provides
specific financial or other incentives to reduce total project cost, cut unit cost, shorten schedule,
enhance technical performance, and increase reliability and ease of maintenance. A large mgority
of respondents reported that the Program Offices provide no incentive for exceeding any program
objectives. Most incentives appear to be based on meeting the stated project goals and not
exceeding them. Incentives to reduce total program cost were rated higher than reducing unit cost,
exceeding performance requirements, or shortening schedule—all of which were statistically
equivaent. Incentives to exceed operational and maintenance requirements were rated below the
others. When viewed across all projects, none of the incentives were rated as greater than small,
with alarge mgority of projects carrying no customer-provided incentives to exceed project goals.
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Figure 10-18: Program Office I ncentives for Exceeding Project Goals as Viewed
by Contactors (Number of Projects = 102).
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Some 73 percent of contractor project managers indicated that the Program Office did not
provide any incentives, or in some cases provided negative incentives, to shorten schedule. Only
18 percent indicated that the customer provided more than adight incentive to shorten project
schedules. These findings are consistent with the responses to the Program Office survey
indicating that a vast majority of Program Offices do not provide any schedule-related incentives.

~Strong No Strong
Disincentive Incentive Incentive
80
70
60
w
50
- 40
E 30
20
10
o L — I

1 2 3 4 5 6 7

I ncentives to Reduce Schedule

Figure 10-20: Contractor Perceived Incentives for Reducing Schedule --
Distribution of Responses from Contractors on the Incentives Provided by the
Program Office (Contractor Survey; Number of Projects = 102).

The type of contract (cost-plus or fixed-price) and the selection method (sole-source or
competitive) did not significantly affect contractors' incentives. Most working both under fixed-
price and on cost-plus contracts indicated a very small incentive to shorten project schedules.
Similarly, companies working under competitive-selection and sole-source contracts report few
incentives to shorten project schedules. There do not appear to be any significant customer-
provided incentives to shorten project schedules even when there is direct competition to win a
contract. Respondents represented roughly equal numbers of fixed-price (41) and cost-plus (46)
contracts, and equal numbers of competitive (53) and sole-source (46) contracts.
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Figure 10-21: Perceived Program Office Incentives to Complete Project Ahead of
Schedule for Fixed-Price and Cost-Plus Contracts (Contractor Survey; Number
of Projects = 91).
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D.3. Contractor’s Bottom-Line Incentives

To measure acompany’ soveral or total incentive associated with a project, the Contractor
survey asked project managers to indicate the bottom-line impact or net financia impact of
exceeding various project goals on their company. Such impacts may include follow-on business
and factors such as increased company stature. These incentives were reported to be significantly
higher than those provided by the Program Office. The objectives with the highest incentives were
reducing total program cost and reducing unit costs. Shortening schedule was rated significantly
lower than cost but above exceeding performance and reliability requirements. The goals of
exceeding performance and maintenance requirements were statistically equivalent and rated
significantly lower than other objectives. A large percentage of respondents indicated that they had
no net or overall incentive to exceed performance or maintenance requirements.
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Figure 10-23: Contractors Total “Bottom-Line” Incentives for Exceeding
Various Project Goals (Contractors Survey; Number of Projects = 101).
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Figure 10-24: Average “Bottom-Line” Incentives to Exceed Project Objectives
(Contractor Survey; Number of Projects = 101).

When looking specifically at schedule-related incentives, 59 percent of contractors report
little or no incentive to reduce schedule; 41 percent indicate that they do feel some form of overall
incentive to reduce schedule. During follow-up interviews, several project managers indicated that
reducing schedule is seen asintegral to reducing cost. Thisis consistent with the results of
analysis of the reported incentive by the contract type, either cost-plus or fixed-price.
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Figure 10-25: Distribution of Responses for Bottom-Line Impact of Completing
Ahead of Schedule (Contractor Survey; Number of Projects = 101).

The type of contract between Program Office and contractor played asignificant rolein
determining contractors' total incentive to exceed project objectives. Companies with fixed-price
contracts account for a disproportionate share of those reporting incentives to reduce total program
cost, reduce unit cost, and shorten schedule. Companies with fixed-price contracts reported
significantly higher net incentives to exceed cost goals than those with cost-plus contracts.
Companies with cost-plus contracts report only adlight net incentive to reduce costs or shorten
schedule. Most companies with cost-plus contracts report Program Office incentives and bottom-
line incentives as equd, indicating that these companies have little interna incentive to exceed
project goals. Companies working on projects with fixed-price contracts reported a dightly higher
incentive to reduce schedule than those with cost-plus contracts. Both companies with cost-plus
contracts and those with fixed-price contracts reported few incentives to exceed performance and
reliability goals.
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Figure 10-26: Contractors Reported Bottom-Line Incentives to Exceed Project
Cost and Schedule Goals by Project Type (Number of Projects = 101).
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Figure 10-27: Contractors Reported Bottom-Line Incentives to Exceed Project
Performance and Requirement Goals by Contract Type (Number of Projects = 101).
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Summary of Schedule-Related I ncentives

Pentagon respondents report that users have significant incentives to exceed program cost,
schedule, performance, and reliability goals. Usersincentive to reduce project schedulesis rated
dightly higher than users’ incentives to reduce cost or increase performance. Overal 80 percent of
projects are reportedly desired as soon as possible, and 73 percent are reportedly needed to meet
current operationa requirements.

Analysis of Pentagon responses indicates few incentives at the Pentagon level for reducing the
schedule in the mgjority of development projects. The principa Pentagon actors on individua
devel opment efforts—the program element monitors and the Air Staff action officers—do not see
shortening cycle time as either an important project or persona objective. They rate shortening
schedules as the fourth of four project objectives, and indicate that shortening schedules haslittle
impact on their performance rating or potential for promotion. Higher-level Pentagon actors, such
as mission area directors, oversee many development efforts, and the outcome of a single project
has less of an impact on their careers.

As shown, few incentives within a Program Office aim to shorten a project’ s schedule.
Incentives for project managers are to meet the project schedule and not to shortenit. The Program
Offices report shorter schedules most often as the fourth of four objectives, and do not rate short
schedules as particularly important on their own. Shortening the project schedule is not seen as
having a significant impact on a program manager’ s performance rating or career, and thereis
apparently little personal accountability for project performance. Given the multiplicity of project
managers per project, it isdifficult to assign either credit or blame to a project manager based on a
project’ s performance. Across most projects there appearsto be little incentive to reduce project
schedules within the Program Offices.

The Program Offices also provide few incentives for contractors to exceed project
objectives. Mesting the objectives--not beating them--appears to be the overall goal in a mgority of
projects. Program Offices report providing practicaly no contract-based incentives for either on-
time or early completion of amajor milestone or aproject. Incentives perceived by contractors
focus on cost and depend largely on the type of contract. Projects with fixed-price contracts
account for alarge portion of reported net incentives to reduce cost by reducing schedule. Projects
on cost-plus contracts report little Program Office or overall incentive to exceed project goals.

Thelack of persona and organizational incentives for defense contractors, Program
Offices, and the Pentagon indicates that the goal isto meet project objectives, not to exceed them.
Thereislittle perceived incentive to exceed a project’ s objectives at any level. Reducing schedules
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ismost often the last of project objectives. Additional efforts and resources, if available, would
likely be placed on the higher-rated objectives of reducing cost or improving performance, not on
reducing project schedules. The effects of the low priority accorded to shortening devel opment
schedules, and the lack of incentives for doing so, can be seen in the schedules’ execution.

The original schedule is based not on a project’s devel opment requirements but on expected
funding limitations. In the contracting phase, the original DoD project schedule isthe central factor
in determining the contract schedule; contractors have no incentive to bid anything other than what
the government expects. Nor is there any mechanism to rectify the influence of the origina project
schedule on development To reduce devel opment times, DoD must improve, redesign, or
dramatically alter the process used to develop project schedules.

Theimpact of the project scheduling processes and the lack of schedule-related incentives
can be seen in the results of the projects surveyed. The impactsinclude few accel erated projects,
many delayed projects, project instability, and higher costs. These impacts are addressed in the
next chapter.






Chapter 11

Executing Project Schedules during the
Development Phase

Although the contracted schedule plays a significant role in product devel opment times,
those times can grow or shrink depending on technical problems, funding constraints, and
changing Air Force objectives. The execution of a project’ s devel opment schedule also depends on
the appropriateness of the schedule, the contractor’ s execution, and responses of the Program
Office and the contractor to unforeseen events. The responses to unforeseen events, in turn,
depend on the schedule-related incentives experienced by various organizations.

This chapter looks at the execution of project schedule during development. First, it
investigates differences among the planned time, the achieved schedule, and the estimated time
required to develop the projects based on their technical requirements. It then looks at the causes
of deviations from project plans, and the tradeoffs made in response to changesin the plan. It
identifies how often and to what extent these changes occur. This chapter also identifiesthe
primary barriers to shortening project schedules.

A. Achieved Project Schedulesin the Development Phase

The extent to which projects achieve their planned schedule is one measure of the
effectiveness of the schedule development process. Another measure istime planned versus the

259
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time posited to be required to perform the development-related activities. Technical barriers would
indicate that the schedule development process underestimated the necessary time. Large
differences between the project schedule and the estimated time needed to fulfill the requirements
would indicate significant dack in project schedules and longer-than-necessary devel opment times.

A.1l. Achieved versus Planned Project Schedules

To compare achieved times with planned project schedules, the three surveys asked
respondents how much their project had changed from itsinitial schedule. The amount of schedule
change was based on delivery of the first production item or other appropriate milestone versusthe
initial project plan. The surveys also asked respondents to provide the dates of key milestones for
both the initial and the current schedule.

The responses indicated alarge number of project dips. The average project dip measured
across al projects surveyed was 12.1 months. This might indicate that planned schedules may be
too short to allow for required development activities. The average schedule dlip, however, is
misleading, as a significant fraction of projects do not dip. Among those that do dlip, most
schedule changes are reportedly due to external factors and not to technical problems. The surveys
indicate that 106 of 271 projects--or 39 percent--are within 3 months of their initial schedule.
Some 77 projects, or 28 percent, are reportedly between 3 months and 1 year of their initial
schedule. Only 57 of the 271 projects, or 27 percent, are reportedly more than 1 year behind their
initial schedule.

The survey results aso show that despite the large number of development projects that are
exactly on schedule, few are ever completed early. Of the 271 projects, only 14--or 5.2 percent--
were reportedly ahead of their initial schedule by 3 months or more.
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Figure 11-1: Project Schedule Performance Based on Initial Project Plan
(Pentagon, Program Office, and Contractor Surveys; Number of Projects = 271).

Differencesin project duration do not account for the amount of project dip. The average
annual dlip for the 225 projects whose managers provided the necessary information is 2.71
months. Thisindicates that in each year of development, the average project makes only dightly
more than 9 months of progress toward completion. A few projects--13, or 5.8 percent--
reportedly had annual schedule dlips of 12 or more months. This indicates that those projects are
getting further from first production delivery every year. A project’slarge average annual dlip may
result from significant dip early in its development. Calculated annual project dips are shown in
Figure 11-2.
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Figure 11-2: Annualized Project Schedule Performance Based on Initial Project
Plan (Pentagon, Program Office, and Contractor Surveys;, Number of Projects =

225).

AsFigures 11-1 and 11-2 indicate, alarge number of projects are exactly on schedule.
There are many possible reasons for thisrecord. Despite the clear wording of the questionnaires,
respondents may have compared their project’s performance to the current schedule--which had
already been modified from theinitial schedule. Another reason may be that project managers
often do not admit to dlips until the final stages, when they realize that they cannot recover from
earlier shortcomings. However, respondents answers to other questions provided support for the
results as presented. The dip for projects calculated from theinitial and current schedulesis
similar to respondents’ estimates of the amount of dip from theinitial plan.
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Figure 11-3: Slip of First Production Item as Calculated from Calendar Dates
Provided for Initial and Current Project Plans (Program Office Survey; Number of

Projects = 52).

Similar results appear in databases from other sources. The RAND Corporation collected
information on all major defense acquisition projects since 1960 as reported in selected acquisition
reports to Congress. Of those, some 100 projects included the information needed to calculate the
amount of dip from project initiation to first production item or operational delivery. The dip per
project--and the distribution of dlip across many projects--is equivaent to those found in the three
surveys.
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Figure 11-4: Total Slip (from Project Initiation to First Operational Delivery) for
Major Defense Acquisition Projects, Based on the RAND Selected Acquisition

Report Database.™?

A.2. Causes of Project Schedule Slip

The ssimple number of projects that dlip, and the amount of schedule dlip, do not provide a
complete picture of the ability of aproject to meet itsinitial schedule. Completing the picture
requires examining the causes of schedule dlips. To determine what is causing schedule dips, the
three surveys asked respondents to estimate the percentage of any dip stemming from funding
instability, requirement changes, technical problems, or other factors. The impact of these factors
can be seen in the magnitude of their effect across projects, and in the number of projects they
affect.

The average amount of dlip for projects at least 1 year into development was 12.1 months.
Respondents attributed 5.2 of those months to funding instability, 3.1 months to technical
problems, 2.6 months to requirement changes, and 1.2 monthsto “other causes.” The average
schedule dlip attributed to funding instability across all programs indicatesthat it isthe primary
cause.

102 Jarvaise, Drezner, and Norton. “The Defense System Cost Performance Database: Cost Growth Analysis Using
Selected Acquisition Reports.” MR-625-OSD Santa Monica, CA: The RAND Corporation. 1996.
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Figure 11-5: Average Slip for Projects at Least 1 Year into the Development
Phase, and the Portions Attributed to Different Causes (Pentagon, Program
Office, and Contractor Surveys; Number of Projects = 271).

Analyzing the data on an annualized basisyields similar results. Acrossall projectsin
development for at least one year, the average project dip was 2.1 months per year. Of those
months, 1.0 per year was attributed by respondents to funding instability, 0.5 per year to technical
problems, 0.4 per year to requirement changes, and 0.2 months per year to other causes.

Average Annual Project Slip (Monthsear)

Annual Project Slip Technical Problems Other Causes
Funding Instability Requirement Changes

Figure 11-6: Average Annual Slip for Projectsat Least 1 Year into the
Development Phase, and the Portions Attributed to Different Causes (Pentagon,
Program Office, and Contractor Surveys; Number of Projects = 175).
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Respondents reported that technical problems account for only 25 percent of the observed
dip. Factors not related to technical requirements, including funding stability, requirement
changes, and “other causes,” account for 75 percent of the total amount of dip. Theseresults are
also observed when dip is viewed on an annualized basis. Of course, unlike technical factors,
funding instability, requirement changes, and “other causes’ are typically outside the control of
Program Offices and contractors.

In number of projects, 84 of 271 reported no schedule dlip, and 120 reported less than 3
months dip. Some 107 attributed some portion of their schedule delay to technical problems, 97
attributed some delay to funding instability, 89 attributed some delay to requirement changes, and
65 projects attributed some delay to “other factors.” Of projects attributing dip primarily (at least
50 percent) to asingle cause, 62 pointed to funding instability, 54 reported technical problems, 35
projects pointed to requirements changes, and 33 projects reported other factors.*® Thirty-five
projects reported funding instability as solely responsible for the schedule dip, and 20 projects
reported technical problems as solely responsible. For 130 of 187 projects reporting any schedule
dip, external factors such as funding instability, requirement changes, and other factors were the
primary cause.

In terms of technical problems, the responses indicate that 105, or 39 percent, of all
projects attributed some portion of schedule dlip to such problems. Some 164, or 61 percent, of al
projects reported no schedule delay stemming from technical problems. Of the 107 projects
reporting some delays attributable to technical problems, 54 projects indicated that they were not
the primary cause (accounting for less than 50 percent). Of the projects that attributed schedule
delays primarily to technical problems, only 14 had delays longer than 1 year. This compares with
33 projects with over 1 year of delay that reported funding instability as the primary cause. Inall,
40 of the 54 projects that reported dip primarily owing to technical problems report 12 months of
delay or less. Twenty-four of those projects reported delays of 6 months or less. Overall, 198 of
271 projects--or 73 percent--attributed 25% t or less of schedule dip to technical problems.

Percent of Funding Technica Requirement
Project Slip Instability Problems Changes Other
Attributed
No Impact 174 164 182 206
Any Impact 97 107 89 65

193 Those projects not attributing 50% to any factor are not included and those attributing 50% for two factors are
included twice.
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25% or Greater 76 73 59 46
50% or Greater 62 54 35 33
75% or Greater 36 32 17 24
100% of Slip 35 17 8 21

Table 11-1: Number of Projects Attributing Schedule Slip to Funding Instability,
Technical Problems, Requirement Changes, and Other Causes (Pentagon,
Program Office, and Contractor Surveys; Number of Projects = 271)."*
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Figure 11-7: Number of Projects Attributing Percentage of Schedule Slip to
Various Causes (Pentagon, Program Office, and Contractor Surveys; Number of
Projects = 271).

According to the survey responses shown in Figures 11-5 and 11-6, the primary cause of
project dlip isfunding instability, which underlies half of thetotal reported slip. Factors external to
development requirements are causing 75 percent of all schedule delays. The fact that only 1in 5
projects reported dip primarily (over 50 percent) stemming from technical problems indicates that
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many schedules are not set too short based on devel opment requirements. Thisis entirely
consistent with earlier findings that development-related considerations were secondary to
budgetary factors in setting schedules during the planning phase.

Thefact that 3 of 5 current development projects did not experience any schedule dlip
owing to technical problems may indicate that many managers may have been ableto cut dack in
their schedules without changing project requirements. Thisis consistent with the finding in
Chapter 8 that 77 percent of al projects are funding limited, while only 23 percent are constrained
by technological and engineering requirements. 1t may be possible to shorten devel opment time so
that technical requirements are the determining factor, without increasing technical risk or
sacrificing performance. This could be done by aligning resources with actual development
regquirements and removing funding-based schedule limits.

This analysisindicates only the causes of schedule dlip—not whether schedules are planned
longer than necessary. As shown earlier, technical requirements are not the primary concernin
establishing initial project schedules, nor are they contractors’ primary consideration in proposing
schedules. Development-related requirements are not the cause of schedule delays for amajority of
projects. Thiswould be expected if schedules were either set appropriately or were longer than
necessary for the planned activities.

B. Required Versus Scheduled Development Time

It isdifficult to determine the minimum time required to develop a product based on its
technical requirements without a detailed understanding of the project and significant experience on
similar projects. To measure the time required to devel op projects based on technical requirements,
the Program Office and Pentagon surveys asked respondents how long they believed it would take
to deliver the first production item, given strong incentives and proper resources. While not a
definitive measure of required time, the answers indicate that respondents believe projects could be
completed in significantly less time than currently planned.

The Program Office survey asked project managers how long it would take to field the first
system if it was deemed essential in awar. The responses were compared with the time remaining
in the schedule until delivery of thefirst production item. Of the 37 projects with 1 year or more
remaining in development, project managers estimated that the time required to field the first
production item was 52 percent of the current schedule. Thus, the minimum time required to

104 Note: Those projects not attributing 50% to any factor are not included and those attributing 50% for two factors are
included twice.
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develop aproject is significantly shorter than most schedules. No project manager reported that the
project schedule could not be shortened.
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Percent of Remaining Schedule Required

Figure 11-8: Percent of Remaining Development Schedule Required by Project
Managersto Field First Production Unit in a Wartime Scenario (Program Office
Survey; Number of Projects = 37).

Pentagon survey respondents were asked to provide the amount of time required from
program start to first production item, assuming no funding constraints and based on the project’s
record to date. Twenty-six of 35 respondents thought that projects could be completed faster than
scheduled. Only 6 project managers thought fielding the first production item would require the
scheduled time. Three respondents indicated that significantly longer time was required than that
available, indicating that a schedule dlip would likely occur. These responses indicated that, in the
absence of funding constraints, on average 73 percent of the current schedule was needed to
complete the current set of projects.
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Figure 11-9: Ratio of Planned Schedule to Required Time Estimated by Pentagon
Respondents, Assuming No Resour ce Constraints (Number of Projects = 35).

Program Office and Pentagon respondents did not base the ability to accelerate projects on a
different technical approach. Thus these responses may significantly underestimate reductionsin
development times that are possible.

While these results do not provide firm evidence that projects could be completed faster
than currently planned, they do indicate that the people most closaly involved believe that it could
occur without loss of technical capability. Thisindicates that Program Office and Pentagon
respondents believe the time allowed in current schedules is significantly longer than required to
accomplish the specific development tasks. The data suggest that reducing funding-based
constraints and focusing on project schedules could cut development times by 25 to 50
percent—without changing the character of the projects.

Experiences in the commercial sector support the notion that a focus on cycletime can yield
dramatic cuts in development times and costs, boost product quality, and help companies meet
customers’ needs. Many commercial firms have cut development times from 50 to 70 percent.’®

105 Dr, Chris Meyer. “Lessons From Industry” Lean Aerospace Initiative Plenary Session. Hartford CT. Sept 1997.
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C. Causesof Changesin Project Plans

To determine the mgjor causes of changesin plans, the Program Office and contractor
surveys asked respondents to rate potential sources of project instability. Thelist was compiled
from available literature and interviews with program managers. The surveys asked respondents to
rate the impact of each factor on their project, from “not afactor” to “the primary factor.” The
results show that the most significant causes of program instability are changes in annual budget
allocations. Rated significantly lower were unanticipated technical challenges and changesin
users requirements. Still lower were long acquisition cycles, staffing changes among contractors
and Program Offices, changing service priorities, and poor contractor performance. Rated lowest

were technical problemsin associated projects.
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Figure 11-10: Causes of Instability in Project Planning and Execution (Program
Office and Contractor Surveys; Number of Projects = 245).
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Figure 11-11: Average Responses on the Causes of Program Instability (Program
Office and Contractor Surveys; Number of Projects = 245).

Of the factors affecting project instability, budget allocations were rated alarger factor than
technical challengesin 124 projects, while technical challenges were rated as more important in 86
projects. Thirty-five project managers rated them the same. Changesin budget allocation had
more effect than changesin user requirementsin 115 projects, while changesin user requirements
rated higher in 93 projects. Changes in requirements and technical challenges were rated roughly
equal, with 97 project managers indicating technical problems and 90 managers indicating user
requirement changes as exerting alarger effect. Sixty-one project managersrated them equal. This
indicates that budget instability is the most prominent factor in project instability, but technical
problems and changesin user requirements also play a significant role.
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Figure 11-12: Effect of Program Instability on Ability to Meet Projects Overall
Objectives (Pentagon, Program Office, and Contractor Surveys; Number of
Projects = 309).

Pentagon respondents indicated |ess effect from funding and technical instability than
Program Office and contractor respondents. Forty percent of Pentagon respondents indicated that
program instability had little effect, while 25 percent of contractors and 16 percent of government
project managers indicated little effect. Thirty-five percent of both government and contractor
project managers indicated that program instability had a significant or major impact on their
projects ability to meet its goals, while 24 percent of Pentagon respondents indicated asimilar level
of impact.
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Figure 11-13: Effects of Program Instability Reported by Government Program
Managers, Contractor Program Managers, and Pentagon-L evel Respondents.

The contractor and Pentagon surveys asked to what extent managers could head off
program instability before it occurred, and to what extent they could mitigate the effects of
instability onceit did occur. Neither the Program Offices nor the contractors reported much
success in avoiding instability or mitigating its effects. But both groups were reportedly more
successful in mitigating negative effects than avoiding instability in the first place. Few responded
that they were “very successful” in avoiding or mitigating the negative effects of instability. When
effortsto avoid project instability fail, managers must alter their plans, making choices and
tradeoffs based on perceived objectives and incentives. **®

1% The research on program instability was conducted in collaboration with Dr. Eric Rebentisch of the Lean Aerospace
Initiative. For more detailed information please see his report: “Managing Under and With Program Instability.”
Lean Aerospace I nitiative Working Paper.
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Figure 11-14: Distribution of Responses of Success in Mitigating Negative
Effects of Instability (Contractor and Pentagon Surveys; Number of Projects =
158).

D. Responsesto Changes

The Pentagon and Program Office surveys asked respondents to indicate the likelihood that
cost, performance, and schedule would change in response to unforeseen events. The responses
indicate that technical performance wasthe least likely to change. Significantly morelikely to
change were the total cost of the system and the length of the schedule. Project schedule was
reported significantly more likely to change than total cost. Thisis consistent with the stated
project objectives found in the planning phase.

Of 205 respondents, 113 indicated that schedule was more likely to change than
performance, while only 46 respondents indicated that performance was more likely to change than
schedule. Forty-one indicated that schedule and performance were equally likely to change. Inthe
cost-schedule tradeoff, 83 respondentsindicated that schedule was more likely to change than cost,
while 56 respondents indicated that cost was more likely to change than schedule. Sixty-six
respondents indicated that cost and schedule were equally likely to change. The statistical
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significance of the difference in the performance/schedul e trade-off using the sign test is 99.99
percent. The statistical significance of the differencein cost/schedule tradeoffs is greater than 98.5
percent. These results are consistent with previously reported project objectives.

The results were similar when separating Pentagon and Program Office respondents. On
average, Pentagon respondents reported that all itemswere dightly less likely to change than
reported by Program Office respondents. The relative order of the factors was the same, and
schedule was reported as the most likely to change in both surveys.
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Figure 11-15: Likelihood That Cost, Schedule, and Performance Would Change
in Response to Unforeseen Events to Achieve Project Objectives (Pentagon and
Program Office Survey; Number of Projects = 205).
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Figure 11-16: Likelihood That Cost, Schedule, and Performance Would Change
in Response to Unforeseen Events (Number of Projects = 205).

Significant differences appeared between respondents working under cost-plus and those
working under fixed-price contracts, but not in the relative order of the responses. For example,
project managers of fixed-price contracts were more likely to change schedules and less likely to
change product performance than managers of cost-plus contracts. But managers on both types of
contracts reported that they were more likely to change schedul es than to change performance
requirements. Thisis consistent with the view of the schedule as the lowest project priority.
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Figure 11-17: Likelihood that Cost, Schedule, and Performance Would Change
by Type of Contract (Pentagon and Program Office Surveys; Number of Projects
= 205).

E. Project Changesduring Development

To determine the amount of change that occursin a development project, the Pentagon
survey asked respondents to indicate to what extent cost, schedule, and performance requirements
had changed since Milestone 1 or its equivalent. The amount of change that occurs during the
development phase issignificant. The largest amount of change was reported in the budget profile
and schedule areas, with significantly less change in performance requirements. Thisis consistent
with earlier findings. One-third of al projects reported a significantly different or entirely new
budget profile and schedule.

The changes in the budget, schedules, and performance requirements are not driven by
external changes such as changesin the threat or mission concept. The respondents reported
significantly less change in service acquisition priorities, mission concept, and threat or adversary
that the system was meant to address.
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Figure 11-18: Amount of Change in Perfor mance Requirements, Schedule, and
Budget Profile (Pentagon Survey; Number of Projects = 60).
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Figure 11-19: Program Changes since Milestone | or Program Start as Reported
by Pentagon-L evel Respondents (Number of Projects = 59).
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Thereisasignificant correlation between the reported level of change in the project
schedule and the level of change in the budget profile. The Spearman correlation coefficient
between the two changesis 0.72, indicating a strong positive link. Thisis consistent with the
earlier finding that funding instability (changesin budget profile) isaprimary cause of schedule
dip. The correlation between changesin performance requirements and in budget profiles, and
between changes in performance requirements and in project schedules, was much lower (0.35 and
0.32, respectively), indicating rather weak links. The link between changesin performance
requirements and changes in the cost and schedules was a so weak.

E.1l. Project Schedule Changes during Development

To obtain a more quantitative measure of the frequency of schedule changes, the surveys
asked all respondents to indicate the number of times schedules had been “rephased, rebaselined,
or significantly altered” since the project wasinitiated. The responses show that a considerable
number of schedule-related changes occur across many projects. Across all three groups
surveyed, the number of schedule changes averaged more than two changes per project. The
distribution of responses for the number of rephases per project is shown in Figure 11-20 and 11-
21--which indicate that many projects have been rephased numerous times.
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Figure 11-20: Number of Rephases, New Project Baselines, or Significantly
Altered Schedules per Project from Program Initiation to Time of Survey
(Pentagon, Program Office, and Contractor Surveys; Number of Projects = 260).
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The responses were consistent across the three surveys. Less-than-optimal wording on the
Pentagon survey may have led respondents to indicate an extrarephase, or a single rephase when
none occurred.*”
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Figure 11-21: Distribution of Number of Rephases by Three Different Surveys
(Pentagon N =50; Contractor N = 97; Program Office N = 113).

To determine at what point rephasing or establishment of new baselines occurs, the
surveys asked respondents to indicate whether changes occurred in the pre-engineering
manufacturing devel opment phase (pre-EMD), the engineering manufacturing devel opment phase
(EMD), or the production phase. On a project-by-project basis, no systematic and significant
differences were evident in the number of changesin the pre-EMD phases, the EMD phase, and
the production phase. However, 45 percent of all projects were rephased twice or more solely in
the EMD phase.

Several cautions are required when viewing the data presented below. First, the total
number of rephases by project phase exceeded the total number of reported rephases per project.
Thisindicates that many of the rephases affected multiple phases of a project. Second, the lower
number of rephases during the production phase may be affected by the lower number of projects
that have progressed into the production phase, not more stability in that phase. Approximately 50
percent of the projects had entered production at the time of the survey. None of the phases seem
to be less susceptible to schedule changes than others.

197 The Pentagon survey question B.11 asked, “How many times has the project been rebaselined, rephased, or
significantly altered after it began” and in the space for the answer had “Total number of project baselines or project
plans.” It appeared that the less-than-optimal wording may have caused confusion. The answer as originally
provided is used above.
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Figure 11-22: Number of Project Rephases by Acquisition Phase (Pentagon,
Program Office, and Contractor Surveys; Number of Projects = 260).

E.2. Contract Changes during Development

Another measure of change in development programs is the number of contract changes.
The contractor survey asked project managers to indicate both the number of contract changes and
the areas that the changes affected in each phase. Only 7 of the 92 projects responding reported no
contract changes. The largest number of contract changes concerned scope and requirements,
followed by funding-related changes. Many contract changes dealt with schedule and the number
of deliverables.
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Figure 11-23: Number of Contract Changes per Project (Contractor Survey;
Number of Projects = 92).

The type of contract did influence the number and type of contract changes. Managers of
fixed-price contracts reported more changes in the number of production items, funding, and
schedules. Managers of cost-plus contracts reported more changes relating to project scope and
requirements. Thisis consistent with the conventional wisdom that managers can more easily
change requirements on cost-plus contracts than on fixed-price contracts. A large number of

changes occurred per project under both types of contracts, with each type averaging nearly 50
contract changes to date.
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Figure 11-24: Average Number of Contract Changes per Project to Date by Contract
Type and by Areasthat They Affect (Contractor Survey; Fixed-Price N = 36; Cost-
Plus N = 42).

Only 23 percent of respondents reported no schedule-related contract changes during the
EMD phase. And only 30 percent reported no schedule-related contract changes in the production
phase. Over al phases, only 18 percent of contractor respondents reported no schedule-related
contract changes.
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Figure 11-25: Number of Schedule-Related Contract Changes by Project in the
Engineering Manufacturing Development Phase (Contractor Survey; N = 39).
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Because incentives provided by the Program Office are based on adherence to the current
schedule, not the original schedule, any schedule changes affect those incentives. With three-
quarters of development efforts changing the contracted schedule, the few incentives for
completing projects within the origina contracted schedule are often lost.

F. Barriersto Shortening Project Schedules

The Pentagon and Program Office surveys asked respondents about the difficulty of
shortening project schedules, the amount of time required to obtain approval for a shorter schedule,
and the likelihood of gaining that approval. The surveys also asked about the factors entailed in
deciding whether to approve shorter project schedules, and in evaluating the technical possibilities
for shortening a project.

F.1. Lengthening versus Shortening Project Schedules

The Program Office survey asked two questions about the difficulty of lengthening or
shortening project schedules by 20 percent. Project managers reported that it was much easier to
lengthen a project’ s schedule than to shorten it. For example, 70 percent said it was very difficult
to shorten schedules, while only 19 percent indicated that it was very difficult to lengthen the
schedule. Inall, 111 project managers stated that it was more difficult to shorten a program than to
lengthen it, while only 25 project managers reported the opposite. Twenty-five project managers
reported that it was equally hard to shorten or lengthen the schedule.
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Figure 11-26: Ease of Shortening or Lengthening a Project Schedule by 20
Per cent, as Reported by Government Project Managers (Program Office Survey;
Number of Projects = 146).

In follow-up interviews, both government and contractor managers confirmed that it is
significantly more difficult to shorten project schedules than to lengthen them. The reasons and
incentives for shortening schedules would therefore have to be relatively strong to induce project
managers to attempt to do so. Asshown earlier, the incentivesto try to shorten schedules are not
strong. The reason it is more difficult to accelerate than to lengthen a project schedule will be
explained next.
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F.2. Critical Factorsin Shortening Development Schedules

The Pentagon survey asked respondents to rate factors influencing their decision to approve
or disapprove a contractor’ s proposal to shorten a project schedule by 25 percent. The question
specified that the new schedule would require the same amount of development funding. The
respondents indicated that the most important factor in such a decision was the ability to change the
production funding profile, or in what year the money was available to be spent. The next-highest
consideration was changing the devel opment funding profile. The lowest-rated item was obtaining
the user’ s approval to accelerate the schedule. Figure 11-27 shows the number of responses
indicating that a specific factor would be either critical or a non-factor in deciding whether to
approve a schedule reduction. Some factors such as training and logistics issues did not play a
significant role, in the view of respondents. The primary drivers appeared to be funding issues
and the Program Office' s ability to meet the new expectation for budget and schedule.
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Figure 11-27: Factors Critical and Not Important in Decisionsto Approve or

Disapprove a Contractor Proposal to Shorten Project Schedule 25 Percent

(Pentagon Survey; Number of Projects = 48).

F.3. Time Entailed in Decisions to Reduce Project Schedules

To identify some of the barriers to shortening project schedules, the Pentagon and Program
Office surveys asked how long respondents estimated it would take to approve a contractor’s
proposal to shorten the project schedule by 25 percent, given the same amount of total funding.
The average time required to obtain either approval or disapprova was reported to be 6 months.
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While many projects indicated that a decision could be reached in 3 months or less, many other
projectsindicated that it could take significantly longer.
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Figure 11-28: Estimated Time to Approve or Disapprove a Proposed Reduction in
a Project’s Schedule, Given the Same Amount of Total Funding (Pentagon and
Program Office Surveys; Number of Projects = 180).

F.4. Probability that a Schedule Reduction Will Be Approved

The Pentagon survey also asked respondents to specify the probability that a contractor
proposal to reduce project schedule by 25 percent would be approved, given the same total
funding. The average of the reported probability was 49 percent, but that figure does not tell the
entire story. The largest number of managers reported that a proposal to shorten the schedule
would not be considered let alone approved, and the second-largest number stated that such a
proposal stood only a 50 percent chance of being approved. Only 8 of the 41 projects responding
indicated a 90 percent or greater chance that a proposal would be approved, and only 15 of 41
indicated that it stood a 60 percent or greater chance of approval.
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Figure 11-29: Program Element Monitors Estimate of the Probability That a
Proposed Schedule Reduction Would Be Approved, Assuming the Same Total
Funding (Pentagon Survey; Number of Projects = 41)

The Pentagon survey also asked respondents to note the factors they primarily consider in
deciding whether to approve of a schedule reduction of 25 percent. The primary consideration
most often cited was the availability of funding--named in 55 percent of responses. The ability to
develop the product and to accept program risk was the primary consideration in 29 percent of the
projects. Operational considerations were mentioned by 16 percent of respondents. These results
are supported by another question revealing that schedulesfor 77 percent of al projects are limited
by funding, not by technology or engineering-related aspects.

Summary of the Analysis of Development Schedules

Changes in annual funding levels, technical problems, and revisionsin user requirements
most often drive changesin development plans. The project schedule isthe most likely aspect to
change in response to these unforeseen events. Development projects average two significant
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schedule rephases. When schedules change, they are relatively easy to lengthen and very difficult
to shorten.

The primary concern when shortening project schedules is the availability of production
and development funding. Program element monitors estimated that a decision on a contractor
proposal to shorten the project schedule by 25 percent would take an average of 3 months and as
long as 3 years, even if such a change would not require an increase in total funding. Program
element monitors estimate of the probability of obtaining approval to shorten a project’s schedule
by 25 percent was 50 percent, even without any increase in total funding.

Oneresult of schedule-related incentives was that development efforts usually either dlip or
end exactly on schedule. Over 39 percent of al projects finished within 3 months of their
schedule, and 30 percent were exactly on schedule. Lessthan 5 percent of projects finished ahead
of schedule. Respondents attributed the primary cause of schedule dlip to funding instability.

Only 20 percent of all projects, and 30 percent of projects reporting schedule dips, named technical
problems as the primarily reasons for schedule dips. This further indicates that technical
requirements are not the primary driver in amajority of development projects.

Program Office and Pentagon respondents indicated that significant reductions are possible if
schedules are given significant priority and required funding is made available. On average, the
Program Office managers estimated that, if needed, projects could be completed in roughly half the
remaining schedule. Pentagon respondents estimated that the time required to develop the project
without resource constraints was 73 percent of the planned schedule.

The influence of the planned and contracted schedule on the length of the development
period is evident in the fact that few projects are ever completed ahead of theinitial schedule. The
schedule established early in the project’ s planning stage essentially sets the minimum time it will
take to complete the project. As shown in earlier chapters, the initial project schedule is not based
primarily on devel opment-related requirements but rather on the expected availability of funding.
Oncetheinitia scheduleis established, incentives throughout the contracting and devel opment
phases encourage managers to meet the planned schedule and not reduce it. The outcomes of
project schedules show that thisis the case.



Part 4

Conclusions, Observations, and
Recommendations

Part 4: Overview

Part 4 draws conclusions from the research results on the project level and makes
observations regarding the overall development process. These lead to specific policy
recommendations on the steps considered necessary to shorten devel opment times for new military
systems.

Chapter 12 discusses the schedul e devel opment process and draws specific conclusions on
that process based on the research. Chapter 13 makes observations on the overall devel opment
processes that can be drawn from the research and identifies key problem areas that must be
addressed to reduce development time. Chapter 14 presents specific recommendations for
addressing those problems. Chapter 14 concludes with a discussion of the potential changesin
weapon devel opment strategies made possible by dramatically shorter devel opment times.
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Chapter 12

Conclusions Regar ding the Process Used to
Develop and Execute Project Schedules

Data from the three surveys and discussion of the process used to develop and
execute the project schedule lead to conclusions about the impact of the schedule on the
eventua outcome. These conclusions are based on information from 317 separate projects
aswell asinterviews conducted at the Pentagon, Program Office, and contractor levels.
While these results do not represent what occurs on a specific project under specific
circumstances, they do represent the processes used across the great majority of Air Force
development projects.

These conclusions can yield specific recommendations on how to change the
schedule development process and the organizational focus to shorten the time required to
develop new projects.
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Conclusion 1. Short development times are not a significant priority for
military development projects.

Degpite the fact that 80 percent of Pentagon program element monitors report that
users want systems “as soon as possible,” and that 70 percent of projects are needed to
meet current operational deficiencies (Figure 8-2 and 8-3), shortened schedules most often
rank fourth of four project objectives (Figure 8-5). This goal ranked significantly lower
than bettering project performance and lowering acquisition cost. As shown in Figure 8-6,
only 15 percent of Program Office project managers and Pentagon program element
monitors ranked short schedule very important; over half of the respondents indicated that a
short acquisition cycle was only “ somewhat important” or “not important.”

The lack of priority placed on schedules can also be seen in the contracting process
and the criteria used to select the contractor. Asshown in Figure 9-9, 65 percent of project
managers and program el ement monitors indicated that devel opment time was only
“somewhat important” or “not important” as a criterion for selecting a contractor. Figure 9-
10 revealsthat the vast mgority of contractors indicated they had no incentive to bid a
shorter schedule.

The results are seen in projects schedule-related results. Figure 11-1 and Figure
11-4 revedl that very few projects are completed ahead of schedule--despite the estimate by
project managers, shown in Figure 11-8, that the average project could be completed in half
the time remaining and the estimate by the program element monitors that the programs
could be completed in 65% of the original planned time as shown in Figure 11-9.

From these results and analysis across the planning, contracting, and devel opment
phases, | conclude that shortening development schedulesis not seen as a high project
priority within the current Air Force development system.

Conclusion 2: Theinitial project schedule has significant influence on
the minimum time taken to develop a project.

The effect of theinitia project schedule can be seen in the contracting and
development phases. Asshown in Figure 9-2, 80 percent of requests for proposal's specify
an expected project schedule. Asrevealed in Figure 9-5, the Program Office' s expected
schedule becomes the primary input to the contractor’ s proposed schedule. Asshownin
Figure 9-6, 66 percent of contractor respondents indicated that the initial schedule was the
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sole determinate, or nearly the sole determinant, of their proposed schedules. Figure 9-10
shows that contractors say they have no incentive to bid a schedule different from the one
the Program Office expects. Figure 9-12 and 9-13 shows that alarge magjority of schedules
proposed by contractors exactly match the government’ s expected schedule. These
proposals form the basis for development contracts.

In the development phase, the objectives of the Pentagon, Program Offices, and
contractors are primarily to meet cost, schedule, and performance goal's and not to exceed
them. Figure 10-11 shows few incentives for Program Offices to shorten schedules, while
Figures 10-16 and 10-17 show that the Program Offices provide few incentives to
contractors to meet or shorten project schedules. Figure 10-18 shows that the contractors,
inturn, fed little incentive to exceed project objectives.

Chapter 11 similarly revealed little evidence of any incentives to exceed, as opposed
to meeting, aproject’ s cost, schedule, and performance goals at the Pentagon, Program
Office, or contractor levels. Asshown in Figure 11-1, 39 percent of surveyed projects are
within 3 months of their initial schedule. Very few--less than 5 percent--report being ahead
of schedule. Asillustrated in Figure 11-4, these results are consistent with information in
the RAND database drawn from selected acquisition reports for all major defense projects.

From these data showing the clear links among the initial project schedule, the
contracted schedule, and the resulting devel opment time, | conclude that the initia project
schedule has a significant impact on the minimum time it takes to develop a project.

Conclusion 3: Initial project schedules are determined primarily by
expected development and production funding rather than
development-related requirements.

This conclusion is supported by results from many questions in the three surveys.
Figures 8-13, 8-14, and 8-15 show that the user’s desired date, expected development
funding, and expected production funding were the most significant influences on the
length of aproject’sinitial schedule at both the Pentagon and Program Office. But the
process for allocating resources described in Chapter 3 and significant discussions outlined
in Chapter 8 reveal that the user’ s desired date is determined primarily by the availability of
funding.
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Figure 8-16 shows that 77 percent of respondents report that their schedules are
limited by funding, not technology or engineering. Tables 8-8 through 8-10, and Figures
8-17 through 8-20, show that expected devel opment funding rated more important on more
projects than engineering requirements, technology development, and development of the
manufacturing process in every category, including size of project (ACAT I, 11, 111 levels),
type of project (aircraft, spacecraft, electronic, missiles, software, or other), and amount of
technological advance (revolutionary product, new generation, or incremental
improvement).

As shown in Figure 8-22, the information most influencing devel opment of the
initial schedule is expected development funding and expert judgment. Contractor
proposals, historical similar projects, bottom-up schedule development, and parametric
modeling were all reported to have lessimpact on devel opment of the initial schedule.
Comparable commercial development efforts were rated significantly lower than any other
factor.

Figures 11-5 and 11-6 underscore the fact that a mgjority of respondents report the
primary cause of schedule dlipsto be funding instability and changesin requirements, not
technical problems. If technical development issues were the limiting factor, one would
expect more than 20 percent of projectsto report technical problems as the primary cause of
schedule delays (see Table 11-1).

Based on thisinformation, | conclude that the length of theinitia development
schedule is primarily determined by the amount of expected funding for a project, and not
development-related requirements.

Conclusion 4. There arefew incentives at any level to reduce proj ect
schedules and development time.

Thisisevident from responses regarding project objectives in the planning phase,
incentives during the proposal stage, and incentives at the Pentagon, Program Office and
contractor levels during devel opment.

The incentives associated with a project begin with its objectives. Asshownin
Figure 8-5, Figure 10-5 and Figure 10-8, short schedules are the lowest priority compared
with increasing performance and cutting acquisitions and operating costs, in both the
Pentagon and the Program Offices.
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Figure 9-9 shows that 65 percent of project managers and program element
monitors did not report development time as an important criterion in selecting contractors.
In Figure 9-5, contractors reported that the government-proposed schedule was the primary
consideration, and in many cases the sole determinant, in their proposed schedules. Figure
9-10 shows that the contractors felt “no incentive” to bid a schedule different from the
government’ s expected schedule, and Figure 9-11 shows that this was consistent for both
competitive and sole-source contracts. Figure 9-12 and Figure 9-13 show that the vast
majority of proposals exactly match the government’ s expected schedule.

The incentives during the devel opment stage to reduce development time are al'so
reported to be small. As shown in Figure 10-5, Pentagon respondents indicated that the
first and second goals of a project are to increase performance and lower cost. Shortening
schedule was reported as the fourth of four objectives at the Pentagon and Program Office
levels. Asshown in Figure 10-10 the incentives provided to the Program Office primarily
center on meeting project objectives and not exceeding them. Asshownin Figure 10-11,
in over half the projects the Program Office project managers are reported to have no or
even negative incentives to shorten cycle time.

Contractors’ incentives to shorten cycle times are smilarly weak. Asshownin
Figures 10-16 and 10-17, Program Offices reported that in avast mgjority of projects,
contracts do not include any financial incentive for on-time or early completion of the
project. In Figure 10-18 contractors reported that they feel no incentive to exceed any
project goals. Figure 10-20 also shows that 73 percent of contractors reported no or
negative customer-provided incentives to shorten project schedules. In only 18 percent of
the cases did contractors indicate that the Program Office provided more than a dight
incentive to shorten schedules. Figures 10-21 and 10-22 show that the type of contract
(fixed-priced or cost-plus) or the presence of competition had little or no effect on the
incentive to reduce schedule provided by the government. As shown in Figure 10-28,
contractors involved in fixed-price contracts did report dightly higher levels of overal
incentives than those on cost-plus contracts.

Based on thisinformation, | conclude that there isalack of significant incentives at
all levelsto shorten project schedules and development cycle times.
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Conclusion 5: There are significant structural, cultural, and
organizational barriersin the schedule development process that inhibit
shorter schedules.

Once a project is under way, project managers consider shortening the schedule
very difficult, as Figure 11-26 shows. Figure 11-27 similarly reveals that program element
monitors believe the critical factor in deciding whether to approve a proposal to accelerate a
project is the ability to change production and development funding profiles. Asshownin
Chapter 3, the development funding process is elaborate, cumbersome, and difficult to
change late in the budgetary process. Figure 11-28 shows that Program Offices and
program element monitors estimate that 6 months would be required for adecision on a
contractor’s proposal to shorten a project’s schedule by 25 percent, even without any
increase in total project funding. Asshown in Figure 11-29, program element monitors
estimated the average probability of approval for a proposal to shorten schedules without
increasing total program funding at 49 percent. The largest number reported the chance of
approval at 0 percent. The primary consideration was the availability of changing funding.
Thisis consistent with Figure 8-16, which shows 77 percent of the projects report to be
funding limited as opposed to technology or engineering limited.

The cultural barriers begin with the low priority placed on project schedules. they
are seen as dictated by funding-related decisions and technical requirements. Schedule-
related feedback from Program Offices and defense contractorsis limited primarily to when
the schedule cannot be met. Once schedules and funding are determined, Program Offices
do not have the authority or ability to adjust allocated resources to match the optimal project
schedules. The result isthat available funding drives the schedule, but the possible
schedule does not appear to drive funding decisions.

Based on these factors | conclude that there are significant structural, cultural, and
organizational barriersto shortening cycle times. Within the schedule devel opment
process, significant hurdles block effective feedback on schedule-related issues.
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Review of the Data and Conclusions

The data and conclusions from this research were presented to a number of
organizations as an aid to interpreting their validity. Representatives from the acquisition
reform offices within the Pentagon, the Aeronautical Systems Center, and the Electronic
Systems Center agree significantly with the information.

The results and conclusions were also presented to representatives from
government organizations, program offices, and representatives from the major defense
aerospace companies at the Lean Aircraft Initiative Plenary Workshop in October 1997.
Following the presentation, each group was asked to review the datafrom one of the
development phases in detail and then asked to report, through a written survey, whether
the results and conclusions of the research matched their personal experience. The results
were surprising only in their near-unanimity: among 90 responses, 88 people reported that
the data matched their personal experiences. Only 2 reported being neutral on whether the
data match their experiences. No one reported that the data and conclusions were contrary
to their personal experiences.

Does the Data and Conclusions Match Your Experiences?
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Figure 12-1: Responses from the Lean Aerospace I nitiative Plenary
Workshop asto Whether the Data and Conclusions Match Their Personal
Experience, LAI Plenary Session Hartford CT, 8 October 97 (Number of
Respondents = 90) .

Summary

Based on the analysis of survey data on 317 projects drawn from awide cross
section of current development efforts, and the strong acceptance of the results and
conclusions of the research by those experienced in the defense acquisition processes, the
data and conclusions must be accepted as accurately representing the processes and
procedures used to develop and execute project schedules. The data and conclusions,
while not representing what occurs on a specific project under specific circumstances, do
represent the general processes employed across the great majority of Air Force
development projects. The conclusions on the schedul e development process and its
impact on development time |lead to specific observations and recommendations on how to
change that process and organizational focus to shorten development time.



Chapter 13

Observations on the Overall Product
Development Process

The overall observations of the defense product development system focus on four specific
areas. alack of clear and consistent leadership on schedule reduction; the lack of schedule-based
information from which to make decisions; the lack of schedule-based incentives at al levels; and
the overriding influence of the funding process. Within each area, specific observations about the
development system will lead to specific recommendations addressed in the next chapter.

1. Lack of Leadership on Cycle Time

Observation 1A: There has been little leader ship or emphasis on reducing thetime
to develop new products, and shortening development time is not seen as an
important priority.

Development organizations focus on increasing performance, reducing cost, and staying
within the allocated budget. Schedule is most often seen as an outcome of these other objectives
and not something to be actively managed. The reason isthat there is no consensus on or
appreciation of theimpact of cycle time within the development community. The survey and
interviews indicate this at all levels, from senior Air Force and DoD |eadership down to project
engineers. The most prevalent view at each level isthat shortening schedulesis alow priority.

| believe the reason for this view is the significant lack of reliable information on which to
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base judgments. Those interviewed view cycletime asit affects their job and their organizational
goals; their experiences and the limitations they face do not allow them to see how long cycle times
affect the development process, cost of systems, or military capability asawhole. What isclear is
that no one has made a clear and compelling case for reducing cycle time for military projects. No
rational e has been presented connecting the issue of cycle time to warfighters' capabilities. No
case has been made on the effects of long cycle time on the budget. No case has been made on the
effects of long devel opment times on the acquisition community. Without a consensus among key
personnel on the importance of reducing development times, little progress will be made on
reducing them.

Observation 1B: Thereis no visible or widely held goal of reducing cycle time.

Throughout this research effort, no goals related to reducing cycle time were found to be
accepted or used across any of the services or development organizations. Significant goals are
associated with increasing performance and reducing cost--survey respondents rate them asthe
first and second priorities.

Observation 1C: Thereis no advocate for reducing cycle time.

Users, whom one would expect to be the strongest advocates for shortening devel opment
time, have not made doing so a priority. Instead users have traditionally stressed better system
performance and improvementsin reliability, maintainability, and supportability, and focused on
starting additiona projects rather than on reducing development times. The acquisition community
has traditionally advocated new technology and systems, athough it is now focusing on cutting
acquisition and life-cycle costs as part of reform efforts. The budget and oversight communities
have also stressed annual cost reductions and accountability. No organization was found to be a
strong advocate, or to have responsibility, for shortening development times.

2. Lack of Schedule-Related Information and Tools

While significant effort is placed on determining the required cost of a proposed project,
relatively little emphasis has been focused on accurately determining the required schedule. As
shown by the research, project schedules are based to a greater extent on expected funding;
relatively little effort by the Pentagon, Program Offices, or defense contractorsis devoted to
analyzing the appropriateness of schedules vis-a-vis development-related requirements. This
absence of rigor stems from the overall lack of emphasis on schedules, the lack of reliable
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information, and the lack of effective tools for analyzing schedules.

Observation 2A: Schedules are based on factors other than the actual time
required to develop a project. Once established, these schedules determine the
minimum time it will take to develop a product.

Project schedules are not based primarily on the time required to develop the project, as
determined by technological and engineering requirements and the manufacturing process.
Instead, schedules are determined primarily by expected development and production funding.
Thiswas found consistently across al sizes and types of projects. These schedules determine the
minimum time that it takes to develop a project, since very few are ever completed ahead of
schedule. Once established, the initial project schedule becomes a salf-fulfilling prophecy.

Observation 2B: Littlerigorous schedule-based information is available to plan,
manage, or evaluate timetables for development projects.

This research entailed significant efforts to locate detailed schedule-based information, but
little such information other than the resulting schedules was found for most projects. The only
schedule information generally available is based on acquisition milestones or major events, which
do not evaluate the appropriateness of the schedules or allow comparisons among projects. The
scheduling rationale and possible alternatives are typically not documented. Severa other
researchers have made similar observations.'®® The schedule information that is available
concerns funding. Thus, schedule becomes the output, or dependent variable, of the cost and
performance of the project.

The lack of schedule-related information makes it difficult to evaluate the feasibility, risk,
and appropriateness of aternatives. With little supporting data and analysis, discussion and
decisions are based mainly on peopl€'s limited experiences and judgment, and on elaborate cost
models.

108 RAND’s Smith and Drezner. AFIT Hazeldean and Topfler.
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Observation 2C: There are no effective, accepted, or widely used schedule-
estimating tools for military development projects. The lack of such toolslimits
the ability to make decisions based on good information.

The lack of rigor in methods used to develop initial schedules can be attributed partly to the
lack of available and easy-to-use schedule-estimating tools. The research turned up no scheduling
guides or standard references for devising a breakdown of activities and their expected duration.
Tools dependent on information from other projects, such as bottom-up schedule devel opment
(based on engineering requirements), comparison with historically smilar programs, and
parametric modeling, are not used. Comparisons with other programs are difficult because very
limited schedule-related information is available.

The surveys indicated that no project had made significant use of schedule-estimating tools
or parametric models. Most rely instead on rudimentary Gantt and milestone charts. Though
many projects reported “ occasionally” using critical path management tools or PERT, fewer than a
third (40 of 126) reported extensive use of either in developing the initial project schedule. No
other scheduling tools were found to be widely used to forecast development time based on the
project’ s devel opment-rel ated requirements.

Thelack of emphasis on scheduling tools stands in stark contrast to the effort placed on
estimating costs. Several major organizations at both the DoD and the service levels have been
established to develop and maintain detailed cost models, which are used to ensure that a
development effort can be accomplished within the allocated budget. The cost models do not
estimate project schedules or the cost of development time. Based on discussions with cost
anaystsin the DoD and each of the three services, | conclude that these models are not
significantly affected by the length of the project schedule, except in afew minor areas. Peoplein
charge of such models estimated that the models would predict that doubling a project schedule
would increase a project’ stotal cost by 5 percent, owing to higher managerial coststo the
contractors.'® To achieve such dubious results, the cost models ignore many important
considerations.

One such consideration is the fact that the longer a project lasts, the more its costs grow.
Among the projects surveyed the average cost growth owing to funding instability and requirement
changes alone was 4.6 percent per year. The reported total annual cost growth was 6.4 percent.
The RAND database shows that annual cost growth for major defense acquisition programs

199 | nterviews with representatives from the DoD (Cost Analysis Improvement Group, CAIG) and the various service
cost estimating organi zations were conducted during the spring of 1998 at the Pentagon.
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averages 5.2 percent.!*°

The models aso fail to include the opportunity costs of delaying a system'’ s availability.
Because these models use costs largely as a fixed input and not an output, they are not capable of
estimating required or optimal schedules, or of determining the impact of various schedules on
cost.

Previous attempts to identify relationships based on project characteristics have proven
largely unsuccessful and have been hampered by lack of data, and have not had an impact on
development times. The datathat are available do not separate the effect of funding limitations
from technical limitations. Most schedule-related efforts have tried to identify the causes of
schedule dip, not the adequacy of the planned schedule. Without detailed schedule-rel ated
information and toolsto analyze it, scheduling decisions will continue to be unsupported. And
schedule-based arguments are not likely to have the impact of other cost-based arguments backed
by analysis.

Observation 2D: Contractors base their proposed schedules on the government’s
expected schedule, not on analysis of the actual time required to develop the
product.

Not only did contractors propose development plans to meet the Program Office’ s expected
schedule, but those that did analyze the required schedule reported that it had less than a moderate
impact on their proposed schedule. Contractors did not report using any effective schedule
development and analysis tools, nor were any observed.

Bidding a different schedule than that calculated by the Program Officeisnot seen asa
winning strategy. Program Office project managers stated that different schedules are presumed to
carry higher risk or be non-responsive. Without detailed information on the contractor’ s proposed
schedule and the ability to analyze it effectively, there is no way to refute this assumption.

3. Lack of Schedule-Based I ncentives

The surveys uncovered few incentives associated with reducing development times at any
level of the development process, at the Pentagon, Program Offices, or contractor levels. The few
incentives that do exist are associated with meeting but not beating project cost, schedule, and

10 Calculated from the RAND SAR database from the devel opment cost estimate and the actual or current projected cost
for 72 MDAP programes.
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performance goals.

Observation 3A: There are no effective incentives for reducing development time
at either the Program Office or the Pentagon levels.

The lack of schedule-based incentives stems partly from the lack of priority placed on
development time and shortening project schedules. No metric or measurement is used to track
schedul e performance across the range of projectsin development. Few visible metrics are used to
track a specific project’ s schedule performance other than its current, though often changed, plans.
Project dips are viewed as based on budget cuts or technical problems.

Project managers are apparently not held accountable for schedule dips, reporting that
schedule performance had little effect on their performance rating and promotion potential. One
reason there islittle schedule-related incentive is the high turnover rate for Pentagon program
element monitors and Program Office project managers. The average program element monitor has
held that position for fewer than 15 months, the average program manager for fewer than 18
months. These tenures are short compared with the average 75-month devel opment time for
surveyed projects. High turnover means that accountability for schedule performanceis spread
among a number of people, making it difficult to hold anyone responsible. The schedule
incentives that project managers do report are based on meeting the planned schedules.

Observation 3B: There are no effective incentives for contractorsto reduce
development times.

The strong incentives that companies report during the contracting phase are to match the
government’ s expected schedule and not to change it. The result isthat nearly all proposals match
exactly the government schedule. Similarly, contractors report few or no incentives to beat
schedules as a project proceeds. The schedule-based incentives that do exist are based on meeting
the schedule.

Observation 3C: No effective measures are used to evaluate schedule performance
across different organizations, or within the development process as a whole.

Thelack of schedule-related incentives appears to stem partly from the conspicuous
absence of metrics for many projects. The only schedule-related metric found to be used was
whether the project met its planned schedule, and how much dlip had occurred. And the limited
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schedule data that are available are used on a project-by-project basisonly. No attempt at any level
was found to look at schedule performance across a portfolio of projects, including among
different devel opment centers, mission areas, or defense contractors. Thus, no one knows
whether one organization is doing better or worse in terms of schedules, or whether one approach
is more effective than another. Without metrics, it is also impossible to determine the schedule-
related performance of the development system as awhole.

Observation 3D: No effort ismade to compare a project’s development time with
the time that should berequired to develop it.

Tied to the issue of schedule-related incentivesis the difference between planned
development time and required development time. No effort was found to identify the time
necessary to develop a project, despite estimates by program managers that projects could be
completed in half the remaining time, and by program element monitors that they could be
completed in 60 percent of the original time. No follow-up reports address the schedule.

Because of the lack of tools and information, any measure of the required timeis difficult to
establish with confidence. Nor isit possible to determine which projects are attempting to adhere
to an aggressive schedule and which are simply fulfilling an excessively long schedule. Schedules
lacking an estimate of required devel opment time would appear to encourage project managers to
push for longer-than-necessary timetables to ensure that they can be met.

Observation 3E: The absence of incentives for schedule reduction is partly dueto
a lack of awareness of the importance of cycle time and its effects on the overall
development process. Participants have little knowledge of commercial practices
that reduce development time.

The absence of internal incentives appearsto stem from alack of awareness of the effects
of long cycletimes, and of what can be done to shorten them. Most people involved in the
devel opment process want to do what is best for the country, based on their understanding of
priorities and options. But because |eadership does not emphasize reducing project schedules,
other objectives receive more effort. This problem also stems from lack of awareness, education,
and training on improvements in commercial development practices. Few people in the defense
acquisition system can claim recent experience in commercia product development. Military
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officers, who make up amajority of the project managers, enter service at ayoung age and cannot
exit and reenter. The few programs that expose acquisition officersto industry activities focus
primarily on defense companies, and these hands-on programs are limited and currently being
scaled back.

According to asenior faculty member at Defense Systems Management College, courses
for project managers teach approved defense policies and practices and not necessarily the best
available practices. A review of those coursesfound few, if any, that relied on commercial
examples or experiences.

What' s more, few project managers studied product development as part of their formal
education. The surveys showed that only 1 in 5 project mangers reported taking a course related to
product development at a college or university. Y et, the recent commercial emphasis on reducing
product development time has spurred the creation of many university and continuing education
programs. These are located primarily at the premier schools, which are not typically available to
military officers or government employees owing to the government’ s unwillingness to pay the

high cost of tuition. Very few officers are allowed to attend business schools full time.***

Without a common understanding of commercia development practices, managers of
defense projects are unlikely to obtain similar results.

4. Overriding Influence of Funding-Related Constraints

As the research shows, the funding process is the dominant influence on development, and
on the creation and execution of project schedules. Funding limitations were found to be the
overriding cause of long cycle times. Funding issues aso consume most of the attention that
managers should be devoting to supervising the projects effectively.

The constant focus on the budget process changes the organization’ s strategic goal from
quickly satisfying the user’ s needs to fighting for money. In this environment, dilemmas
associated with product devel opment time appear to be overwhelmed by constant acrimonious
budget battles and negotiations. Thisleadsto several funding-related observations.

111 1n 1998, the Air Force has 6 officers attending full-time business schools of which only 1 is
attending a top ten rated school.
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Observation 4A: Projects are not funded based on the optimum required
development schedule.

Budget requests from the Program Offices are based on the level of the funds the offices
think they can get, not on what they consider optimal for their projects. Funding considerations
are driving project planning to afar greater extent than project planning is driving project funding.
The program managers and program element monitors estimated that with full funding and a strong
emphasis on short development time, a project could be completed in half the scheduled time.

Observation 4B: There are too many projectsin the development process to be
efficiently supported by the available resources. Thisis a key cause of
lengthening development schedules.

Acrossal types of projects from large to small, from and revolutionary to incremental,
funding limitations were reported to be the primary factor in determining schedules. Funding
limitations were a so the most significant barrier to shortening project schedules. These results
lead to the observation that the resources available are not adequate to support the projectsin
development. Simply put, too many projects are competing for too limited resources. Theresultis
that few projects are being completed in an efficient and timely manner. (Similar observations are
common among companies with significant problems in their development systems.**?)

Thissituation is due to several factors. Oneisthat despite adramatic decrease in the
development budget since 1986, the number of projects has not been concomitantly reduced. This
has produced a virtual logjam in the development process, lengthening average devel opment time
and allowing schedulesto dlip owing to funding limitations. The result is an increase in the
number of projectsin development at any onetime.

Thisisnot anovel observation for military development projects, and it is not only found
during reductionsin defense spending. In 1983, during the Reagan era growth in defense
spending, the Affordable Acquisition Approach Study found too many projects in the devel opment
pipeline to be efficiently supported.**® The report stated that programs were being squeezed and
stretched to accommodate available funding.

Nor is overextending devel opment resources unique to military projects. Most companies
with significant problemsin their development system face asimilar cause. The results are often
similar to the military experience as well: long schedules, significant project dip, inefficient

12 Clark and Wheelwright, Smith and Reinertsen, and others.
13 The Affordable Acquisition Approach Study. Air Force Systems Command. 1983.
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allocation of resources, and products that do not meet changing customer needs. In the commerciad
marketplace, however, competition provides effective feedback, as other companies with more
effective development processes boost their market share and profits, and inefficient firms either
improve or go out of business.

Observation 4C: There are few limits on the number of projectsin the
development process. Any limitsthat do exist are primarily based on the ability
of a Program Office to obtain funding.

Another problem is an inability or unwillingness on the part of Program Officesto limit the
number of projects entering or remaining in the development process. The primary consideration
in such decisions is whether devel opment plans are adequate and the required funds can be located.
As the research showed, project schedules are most often changed to reflect the funding. Because
no apparent formal limits exist, significant effort failed to identify the total number of military
products in development.

Observation 4D: Thereis no effective screening process to control the number
and types of projects entering development and to ensure that they are optimally
planned.

Theinability to limit the number of projects results partly from the lack of an effective
screening and selection process. Despite the fact that nearly all resources for each mission areaare
supposed to be alocated through the modernization planning process, 42 percent of all projects
surveyed were initiated outside that process by senior leadership. It could not be determined if
other projects were canceled or their funding levels were reduced to make room in the budget for
these added projects. The reasons so many are initiated outside the formal process may include
changing requirements that biannual planning does not account for, alack of faith in the results, or
alack of disciplinein adhering to the results. One very senior former Air Force official expressed
displeasure at how the modernization planning process worked and its inability to stay within
expected funding allocations, and indicated that the process was turning into aformality rather than
a serious exercise.

Decisions as to which projects were begun, continued, or advanced appeared to be spread
among various major commands and Pentagon organizations based on the negotiated funding
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decisions. The decision to advance a project to the next stage did not appear to be based directly on
the need for the system or the performance of the project. The process of generating and validating
requirements did not appear to effectively limit the number of projects. Hundreds of approved
operational regquirements documents and mission needs statements exist for unfunded projects. In
many cases when senior leadership initiates a project, the project begins before the requirements
document is complete. The requirements processes were found to slow the initiation of some
projects in specific instances where key |eaders doubted the importance of the project, or the
project threatened other budget-related priorities. Many of the arguments that occur within the
reguirements processes appear to be due to their impact on resource allocations, and do not concern
operational requirements.

The acquisition milestone decisions as now used do not limit the number of projects
initiated or in development. The milestone decisions primarily ensure that a project has met the
requirements needed to enter the next phase, and that the funds to support the project as planned
are alocated within the program objective memorandum (POM). The milestone decision processis
not used to determine which projects, which type of projects, or how many projects should bein
the development process at any onetime. A project almost always passes a milestone decision
unlessit has obvious technical problems or a significant shortfall between planned and allocated
resources. If asignificant funding shortfall exists, the project is usually rephased to ensure that the
funds and the plan match.

For their part, the major commands establish a preferred order for projects but do not
determine the number initiated. Each major command triesto begin as many of its desired projects
as possible based on the results of the funding process.

The resource allocation process is the primary method used to limit entry to the
development process, but even this process does not effectively control the number of projects.
The Pentagon resource allocation processis a multi-level, broad-based, staff-driven process
through which participants attempt to gain the “corporate position.” Any such processis more
likely to yield compromises and incremental changes than bold decisions, allocating less funding
than requested to competing projects. The use of the resource process to select new projects and
control entry is undermined by the practice of underestimating a project’ sinitial cost, and the use of
optimistic projected funding levels. Other than the elaborate funding processes, no other central
organization or process controls the number of projectsinitiated.

The fact that the funding process, or any other process, does not limit the number of
projects to remain within the number of projects that can be most effectively executed is evident by
the number of projectsthat are funding limited at initiation, and the number that later experience
dip owing to funding instability.
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Observation 4E: There are no funds available to accelerate projects, and the lack
of such fundsis a major impediment to shortening project development schedules.

The fact that thousands of desired projects are waiting to be initiated means that 100 percent
of development funds are committed to various projects at any onetime. Funds that Program
Offices do not commit to specific projects may be lost to other offices, the mgor commands, and
other services. Cost overruns and other must-pay bills absorb any additional funds that might have
been used to accelerate individua projects. Theresult isthat only asmall percentage of projects
come in ahead of schedule.

Summary of Observations

These observations, while painting a stark picture of the defense devel opment process,
actually provide evidence that the system can significantly improve. Areasin need of attention
include schedule-related information and tools, incentives, and the processes for selecting projects
and alocating funds. Few of these sectors require changesin law or higher-level regulations, but
most do entail changes in organizational emphasis and leadership direction. Implementing the
changes will require strong leadership and hard decisions.

The people interviewed are hard-working, well-intentioned, and doing what they believeis
in the best interest of the country and their military service. Those people are not the problem.
Rather, the process drives them to actions that seem optimal from a project standpoint but that
produce less-than-optimal results for the system as awhole.



13. Observations on the Entire Product Devel opment Process 315

Summary of Observations

1. Lack of Leadership and Emphasison Cycle Time
Observation 1A: There has been little leadership on the issue of reducing product development
cycletime. Reducing product development schedules is not currently seen as an important
priority of the product development system.
Observation 1B: There is currently no visible or widely held goal or objective for cycle time
reduction.
Observation 1C: Thereis currently no strong advocate for cycle time reduction.

2. Schedule Information and Toolsin the Development Process

Observations 2A: Schedules are currently based on factors other than the actual time required to
develop the project. Once established, these schedul es determine the minimum time it will take
to develop the project.

Observation 2B: Little rigorous schedule-based information is available to be used to plan,
manage, or evaluate the schedules of development projects.

Observation 2C: There are no effective, accepted, or widely used schedul e-estimating tools for
military development projects. The lack of effective schedule estimating tools limits the ability
to make decisions based on the schedule information available.

Observation 2D: Contractors base their proposed schedules on the government’ s expected
schedule and not the analysis of the actual time required for the development phase of the
project.

3. Lack of Schedule-Based I ncentives

Observation 3A: There are no effective incentives for cycle time reduction at either the Program
Office or Pentagon levels.

Observation 3B: There are no effective incentives for cycle time reduction at the contractor level.
Schedule incentives in the contracting phase are only to meet the government expected
schedule. There are few contract incentives for cycle time reduction during the development
phase.

Observation 3C: There are no effective measures or metrics that are used to evaluate the cycle
time performance of a project. As such meaningful schedule-based metrics are difficult to
establish.

Observation 3D: No use of any measure or estimate comparing the planned or actual
development time to the time necessary to develop a project was found.

Observation 3E: The lack of incentive for schedule reduction isin part due to a lack of awareness
of the importance of cycle time and its effects on the overall development process or the
ability to do anything about it. Thereislittle awareness of the current commercial methods
and practices available to reduce development time or of their success in doing so.

4. Overriding Influence of Funding-Related Constraints

Observation 4A: Projects are not funded based on the optimum project devel opment required
schedule but based on other funding constraints.

Observation 4B: There are currently too many projects in the development process to be efficiently
supported by the available resources. Thisis akey cause of the lengthening development
schedules.

Observation 4C: There are no current limits on the number of projects in the development process.
Any current limits that do exist are primarily based on the ability of the project office to obtain
funding.

Observation 4D: Thereis not an effective project screening process to control the number and
types of projects entering the development process and to ensure that they are optimally
planned.

Observation 4E: There are no funds available to accelerate projects; the lack of such fundsisa
major impediment to efforts to reduce project development schedules.

Table 13-1: Summary of Observations of the DoD Product Development Process






Chapter 14

Policy Recommendations and Development
Strategies

The observations on the overall development process lead to specific recommendations for
shortening cycle times for military products. These recommendations are not a complete set of the
needed actions but include the necessary first steps toward making the process faster and more
effective. A shorter development process will allow for a change in the strategy used to supply
warfighters with new and modified systems—one that provides military capability when needed
and allows the armed forces to quickly adapt to new technologies and a changing world. Both the
specific policy recommendations and the changes in overall development strategy they make
possible are discussed in this chapter.
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A. Recommendations for Shortening Product Development Time

This research leadsto five sets of recommendations that will reduce the programmatic
constraints on military product development time. These recommendations address what was
found to be the limiting factor in shortening cycle times. They encompass leadership, information,
incentives, resources, and demonstrated results.

Overarching recommendations:
1. Provide clear leadership on reducing cycle time.
2. Develop and use schedule-based information.
3. Provideincentives for reducing cycle time.
4. Mitigate funding-based constraints on development projects.
5

. Show results through near-term demonstration projects.

Within each of these areas are specific steps to remove programmatic constraints. The
recommendations do not address the organizational and manageria changes contractors and
Program Offices need to make, as described in Chapter 4. However, those factors do not appear
to be the primary barrier to shorter development cycles. But as programmatic limitations decline,
those factors will have to be addressed to further reduce development time. Until then, much
needs to be done in areas controlled by government.

The most important recommendation is to adopt atime-driven development strategy, and to
make short cycle time an important priority for each project. Today’s 10 to 12-year average
devel opment time cannot keep pace with technological change or respond to emerging threats, and
it raises costs significantly.

The Packard Commission recognized the importance of cycle time when it stated that
excessively long development times were the central problem in defense acquisition. The
commission’s core recommendation was to cut these timesin half for maor weapon systems. But
although the commission’ s recommendations for reaching this goal were implemented, cycletime
did not shrink: the acquisition system did not change from one focused on budget and performance
to one concerned with quickly meeting users needs.

Without this overriding objective, it isthis author’ s view that the system will not change
and cannot change. If cycle times do not become a significant focus they will likely continue to
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grow and the defense development process will remain ineffective and inefficient.

Making the decision to change the major focus of development is not easy, nor will such a
change likely happen quickly. Significant obstacles must be overcome. Below are specific
recommendations to begin the process of overcoming those barriers. (For additional information
on the research supporting these recommendations and their implications, see Appendix 1.)

Recommendation 1: Provide clear leadership on reducing development cycle
time.

Reorienting organizations to accept schedule as an important factor and shorter cycle times
as an important objective will require significant leadership at all levels. Leaderswill have to show
that shortening development time relates directly to the ability to provide an effective and affordable
defense. Leaderswill aso have to set aggressive goals for reducing cycle times and remain strong
and powerful advocates for them, holding organizations accountable for meeting the goals.

Recommendation 1.1: Make a clear business case for reducing development cycletime.
Recommendation 1.2: Establish quantifiable goals for reducing development cycle times.

Recommendation 1.3: Appoint an advocate for reducing development cycle time.

Recommendation 2: Develop and use rigor ous schedule-based information
and tools.

Accurate information and analysis are required to make informed decisions on project
schedules. Today schedules are primarily based on expected funding levels and not on rigorous
evaluation partly because of alack of available and easy-to-use tools. Three steps could help
address that need. First, aformal estimate of development time, and an analysis of the factors
limiting schedule, must be part of the project approval process. This could take the form of a
“should take” analysis--similar to the “should cost” estimate of how much a project would cost if
done as efficiently as possible. Such an analysiswould rely on a comparison with other projects,
parametric estimation of the required time, and a bottom-up estimate stemming from engineering
requirements. This analysis would provide senior leaders with the information they need to make
informed scheduling decisions and allow them to establish redistic project goals. Such an anaysis
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would also highlight the barriers to shortening project schedules early in a project’s planning
phase. Similar analysis should be included by the contractors when presenting their proposed
schedules.

Recommendation 2.1: Baseinitia project plans on devel opment-related requirements and perform a
“should take” analysis.

Recommendation 2.2: Develop and use effective tools for estimating and evaluating project
schedules.

Recommendation 2.3: Require contractors to include a“schedule proposa” section in their overall
proposals.

Recommendation 3: Provide incentives that encourage shorter cycle times.

Some negative schedule-related incentives may change when leaders place a greater
emphasis on shortening project schedules and explain their rationale. But even with such
leadership, strong disincentives to reducing cycle time will have to be consciously removed and
significant positive incentives established for the Pentagon, Program Office and defense
contractors before significant changes can occur.

Incentives for contractors can be applied both before and after the contract award. Making
the length and risk of the proposed schedule a significant criterion for winning a contract will
encourage companies to set schedules that are both short and achievable. Then, incentivesin the
contract itself can encourage contractors to achieve the planned schedule and further shortenit.
Contracts should also include penalties for failure to achieve the specified schedule.

A gignificant training program must be established to convince the defense acquisition
community, including contractors, that shortening cycle time isimportant, that it is possible, and
that the commercia sector has done so through a variety of means that can be emulated. Such an
effort will require an awareness of the best product development practices from awide array of
industries.

Recommendation 3.1: Provide incentives at the Program Office and Pentagon levels.
Recommendation 3.2: Provide incentives at the contractor level.
Recommendation 3.2.1: Make the length of the development schedule and the associated
risk asignificant criterion in contractor selection.
Recommendation 3.2.2: Provide significant schedule-based contract incentives.
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Recommendation 3.3: Provide extensive training on best product development practices from
commercial industry.

Recommendation 4: Mitigate funding-based schedule limitations.

The foregoing recommendations are unlikely to have a noticeable impact without significant
changes in the method by which the services and DoD fund development projects. To create
products efficiently and effectively, projects must be funded at the levels determined by their
devel opment-related requirements. And each should be funded according to its most effective and
efficient schedule. These changeswill require controlling the number of projects under way at any
onetime.

All these goals can be achieved by establishing aformal screening processto determine
which projects are highest priority and which can be fully funded within the available resources
and the planned time. A multiple-level screening process would aso alow projects to compete for
approval to proceed to the next devel opment phase.

To ensure sufficient funding to fully support each project, the number of projects within
each phase at any given time should be limited. Thislimit could be reached by completing many
projects more quickly while delaying, postponing, or canceling others.

Once aproject isin the development process, it isimportant to ensure that it can move
through it as quickly as possible. To make that possible, funds for accelerating the schedule as
opportunities arise must be readily available. Priority in the use of funds that become available
must be given to accelerating and completing existing projects rather than to initiating new ones.

Recommendation 4.1: Requirethat al projectsinitiated be fully funded based on devel opment-
related requirements.

Recommendation 4.2:  Establish an effective project screening process.
Recommendation 4.3:  Limit the number of projectsin each phase of development.
Recommendation 4.4:  Clear the logjam of current projects.

Recommendation 4.5:  Ensure that resources are available to accel erate projects as opportunities
arise.
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Recommendation 5: Show resultsthrough near-term demonstration proj ects.

Since DoD has little experience in reducing cycle times, and lessons from the commercial
sector are not always directly applicable, demonstrations can help verify the impact of the
aforementioned changes.

The effect of many recommendations, including enhancing the incentives for reducing
development time, can be observed by selecting individual projects as demonstration vehicles. The
impact of other recommendations, such as establishing a screening process, can be seen only when
applied to a portfolio of projects. Inthat case, a Program Office that oversees alarge number of
smaller projects can be selected as a“reinvention laboratory” and given wide leeway to implement
the recommended changes. While thiswould require significant coordination and high-level
support, it could demonstrate the cumulative and interactive effects of the recommendations across
an entire development organization. Such aresult would give DoD confidence to adopt the
recommendations across all weapon systems.

Once the ability to produce products quickly, effectively, and reliably is demonstrated,
significant other changes can occur in the strategy used to develop weapons.

Recommendation 5.1:  Establish pathfinder projects that demonstrate the effectiveness of the
cycle time reduction approach.

Recommendation 5.2:  Establish areinvention laboratory that demonstrates the effectiveness of
the approach on products within an entire Program Office or Product
Center.
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Table 13-1
Summary of Recommended Actionsto Reduce
Development Time for Defense Products

Recommendation 1: Provide Clear Leadership on Reducing Cycle Time
1.1 MakeaClear Business Case for Reducing Cycle Time

1.2  Establish Quantifiable Goals for Reducing Cycle Time
1.3  Appoint an Advocate for Reducing Cycle Time

Recommendation 2: Develop and Use Rigorous Schedule-Based I nformation and
Tools

2.1 Baselnitial Project Plans on Development-Related Requirements and Perform a“ Should
Take” Analysis

2.2  Develop and Use Effective Tools Estimating and Evaluating Project Schedules
2.3  Require a“Schedule Proposal” Section in Contractor Proposals

Recommendation 3: Provide Incentives That Encourage Cutsin Cycle Time
3.1 Provide Incentives at the Program Office and Pentagon Levels

3.2  Provide Incentives at the Contractor Level

3.2.1 Make the Length of the Development Schedule and Associated Risk Significant
Criteriain Contractor Selection

3.2.2 Provide Significant Schedule-Based Contract Incentives
3.3  Provide Extensive Training on Best Development Practices

Recommendation 4. Mitigate Funding-Based Schedule Limitations
4.1  Require All Projects to Be Fully Funded Based on Development-Related Requirements

4.2  Establish an Effective Project Screening Process

4.3  Limit the Number of Projects in Each Phase of Development

4.4  Clear the Logjam of Current Projects

45 Ensure That Resources Are Available to Accelerate Projects as Opportunities Arise

Recommendation 5: Show Results through Near-Term Demonstration Projects
5.1 Establish Pathfinder Projects That Demonstrate the Effectiveness of the Approach to

Reducing Cycle Time

5.2  Establish Reinvention Laboratories That Demonstrate the Results within an Entire Program
Office or Product Center

B. Longer-Term Recommendations for Changing the Development Strategy

Shortening the time required to develop weapon systemsis important in devel oping better
systems faster and at lower cost. However, it also represents akey step in allowing alarger
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change in the way military systems are developed and fielded. A fast development process will
provide the U.S. with along-term, sustainable military capability to respond quickly to changing
threats and emerging technologies. A shift in strategy from developing awide array of systemsto
cover al possible emerging threats to one that is more responsive to specific threats will ensure that
the right weapons are devel oped and ready to be fielded at the right time.

The military worth of a system is based on two inherent aspects. Thefirstisits
performance advantage over an opposing system. The second, often not fully considered, isthe
length of time that system can retain its technical advantage and avoid compromise by
countermeasures. To head off such compromise, the services usually call for significant
technological superiority in abroad range of areas to ensure dominance even if an enemy findsa
way to counter a specific system. Thus, the U.S. Air Force now builds systems “just-in-case”--as
insurance against a*“ pop-up” threat. Thisisone argument for the F-22 and Joint Strike Fighter,
both intended to counter threats that may develop over the next 30 years.

The net effect is that many systems are developed to meet threats that never materialize, and
when systems are finally fielded they face a dramatically different mission than they were designed
for. While Pentagon respondents indicated that 70 percent of projects were designed to meet
current operational deficiencies, they indicated that fully 30 percent were intended to meet projected
needs that may not materialize. Thisleadsto the worst type of inefficiency—developing and
producing the wrong weapon at the wrong time with obsolete technology. The B-2 and MILSTAR
systems are visible examples of systems designed to meet amission that never materialized or that
disappeared before the systems were completed. Such systems are then pushed into a service for
which they were not designed and may beill suited. A specific exampleisusing the MILSTAR as
atactical communications terminal instead of as a strategic system during the second stage of a
nuclear exchange.

The just-in-case strategy forces the U.S. to spread its resources over many systems, a
practice that resultsin longer development times. Revamping the basic strategy from just-in-case
to just-in-time requires two changes. First, the U.S. must be able to develop new systems
quickly, and second, it must be able to produce enough units rapidly.

The U.S. now takes 10 to 20 years to develop and field major weapon systems. These
systems are expected to be in operation for 20 to 25 years. That forces the country to project
threats and military and commercial technologies 40 yearsinto the future—an impossible task.
Such an unrealistic goal is what drives the demanding performance requirements—and the
resulting high costs--of military systems.
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The recent response to long cycle times has been to establish along-term planning
organization in the Pentagon to project required force structure, weapons, and technologies 25 to
40 yearsin advance. The effect of these plansisto lock in systems and related schedules long
beforeit is possible to know the actual threats. Once made these plans and schedules prove very
difficult and costly to change.

The system is most closely comparable to the central planning function of Communist
countries with few market or entrepreneuria forces at work. Bureaucratic processes dominate
planning and the results are long devel opment schedules and too many projects in development.
The system also forces devel opers to make large technological leaps to ensure that systems are
technically superior when they are eventually fielded—further exacerbating the problems. A just-
in-time strategy would allow a more targeted approach in deciding which systems are needed to
counter real threats. It would also reduce U.S. vulnerability to unpredicted enemy systems based
on new technologies or novel combinations of existing technologies.

A just-in-time approach would not be new--it was the traditional U.S. military strategy
from the Revolution through the Second World War. Only during the Cold War did the U.S. fedl
the need to maintain long-term technological superiority over al enemies. During World War 11,
the U.S. devel oped better systems quickly and produced them massively. But the speed and
potential effects of nuclear war and our unpreparedness for the Korean War made the U.S. fear
being caught unprepared. This developed into the idea of the “come asyou are” war, which would
be fought in Europe, with the ultimate winner determined in a matter of weeks before any
production could affect the outcome. | believe the chance of thistype of total lightning war has
been thoroughly eliminated by the changesin Russia and the lessening of the perceived nuclear
threat. Smaller operationswill still be on a“come asyou are’ basis but will require only
significant—as opposed to massive--inventories of the highest-technol ogy weapons.

A fast development strategy would rely on critical technol ogies and subsystem components
that are developed to the point where they can be assembled quickly, tested, and then produced as
needed en masse. Such key technologies would be in the areas of sensors, signal and computer
processors, communication systems, warheads, autonomous control, and navigation. A “develop
and test but not produce” strategy would keep the U.S. aerospace industry’ s product development
capability in shape to ensure that it could be called upon when needed. Such a strategy would
allow for continual design improvements without the cost of actually implementing the
modifications. This strategy issimilar to the design, build, and test policies, known as Silver
Bullet, that surfaced during the early 1990s. But those policies were proposed more because of a
lack of production money rather than ashift in overal military development strategy. The Silver
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Bullet strategy was not widely accepted for avariety of political reasons, which may have changed
since the end of the Cold War and the move toward lower defense budgets.

The central enabling aspect of ajust-in-time strategy would be reliance on a* civil reserve
industrial capacity,” much asthe Air Force relies on the Civil Reserve Air Fleet to augment its
transport aircraft with commercia aircraft. Thisrequiresthat military and commercia production
capacities be merged. Such amerger isthe major goa of Dr. Kaminski’s, the former Defense
Acquisition Executive, efforts to remove military specifications and production standards in favor
of single commercia standards and processes.** This strategy would allow the U.S. to maintain
defense capacity for times of emergency without incurring the cost of constantly producing defense
products that we do not need at the present time. The strategy a so allows a move away from the
need for constant care and feeding of the defense industrial complex. The DoD would pay
commercial manufacturers to maintain the ability to shift rapidly to production of military systems.

But before that can happen, the defense industry must become lean enough to compete in
the commercia market, or commercia firms must be allowed to compete in the defense market
without large barriers. If one reads many of the Defense Science Board studies led by Dr. William
Perry at the height of military spending in the late 1980s, one sees a merger of defense and
commercia industry as acentra theme for thisvery reason.”* Such amerger is starting to occur in
the satellite, electronics, and engine industries, but has not yet occurred in the aircraft or munitions
areas.

Both political and technological reasons make a change from just-in-case to just-in-time
strategy not only desirable but also possible today as opposed to 10 years ago. Key military
technologies are now drawn primarily from the commercial sector, which moves faster than
military efforts. Also, open architectures for commercial computer systems are being used in
military systems, the quality of commercial products often exceeds military standards, and a policy
of replacing rather than repairing military components reduces maintenance concerns.

Political changesinclude reduction of the military threat and a period of clear military
superiority, which provides time to reorganize without risk. Changes a so include acceptance of
substantially lower long-term defense budgets, the diminished threat of global war and afocus on
regiona conflicts, and the recognition by industry and military leaders that things can and must
change if we are to provide effective weapons over alonger period.

114 Statement of the Under Secretary of Defense for Acquisition and Technology, Paul G. Kaminski, before the
Subcommittee on Defense Technology, Acquisition and Industrial Base of the Senate Committee on Armed Services
on Dual Use Technology. May 17, 1995.
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The demonstrated capability to quickly develop and produce weapons is the key factor
enabling such changes to occur. | propose that the long and difficult process required to shorten
development cycle times and increase the effectiveness of our development system begin now,
based on these recommendations.

15 Use of Commercial Components in Military Equipment. Final Report of the Defense Science Board 1986 Summer
Study. January 1987. Office of the Under Secretary of Defense for Acquisition.
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Proposed Policy Recommendations

The recommendations have been updated from the original dissertation to include
suggested implementation strategies. RTM
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Major Ross McNutt, Ph.D.
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Overarching
Recommendations

Provide clear leadership for cycle time reduction
Develop and use schedule-based information
Provide incentives for cycle time reduction
Mitigate funding-based constraints on
development projects

5. Demonstrate application and results through near
term demonstration projects
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Recommendation 1:
Provide Clear Leadership on
Cycle Time Reduction

Recommended Actions

1.1 Make a clear business case or rational for cycle time
reduction (macro case and project-by-project)

1.2 Establish clear quantifiable cycle time reduction goals
1.3 Establish functional advocate for cycle time reduction

Major McNutt menuttr@af.pentagon.mil 4/13/99 cycletime3 ©1999 Ross McNutt

1. Provide Clear Leadership
on Cycle Time Reduction

Research findings

— No consensus of the importance or effects of long cycle times or
reduction of cycle times

- Fourth of 4 in priority at all levels
— No accepted goals of cycle time reduction
- Current goal is to meet schedules not reduce them
— No organization assigned responsibility for cycle times
- FM budget focused
- Users performance/budget focused
- AQ budget/performance/technology/new system focused
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Recommendation 1.1:
Make Clear Business Case for Cycle Time Reduction

Research Results - No clear or widely accepted understanding of importance or impact of
shortening development cycle time
— Short Schedules rated last in priority
— Widely disparate views encountered across all organizations

Recommended Action - Develop a clear case for cycle time reduction
— Identify both positive and negative impact and effects of reducing cycle time
— Must be based on detailed and rigorous analysis of the entire development cycle
— Identify the effects of cycle time on each community in their own language and
based on their concerns
- The Warfighter, Budget, Acquisition, and Contractor Community
- Onindividual project, weapon systems, and the acquisition system as a whole

Suggested Implementation Strategy - Direct a task force with representation from all key
organizations to develop and present the business case for cycle time reduction
— Encourage them to get independent assistance on current commercial experience
— Recommend being done under auspices of exiting OSD(A&T), AF Cycle Time Teams
— Once completed case must be widely presented by senior leadership across all organizations.
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Recommendation 1.2:
Establish Clear Cycle Time Reduction Goals

— No widespread or accepted goal for cycle time reduction across all organizations
— Current acquisition community goals based on cost and performance issues
— Schedule goals are to meet current schedules which are largely based on budget

Recommended Action - Establish clear service and DoD-wide goal for the reduction in
the time from project initiation to delivery of the first production item for each
category and type of project

— Establish current baseline for current cycle time

— Recommend average reduction goal of 50% from project initiation to first production item
— Categorize by size and system type

— Recommended Time to achieve goals - ACAT Ill - 3yrs ACAT Il -5yrs

— Establish ongoing schedule metrics and tracking system for all projects

Suggested Implementation Strategy - Have Secretary of Defense and Service Secretaries
establish goals that apply across all organizations and services

— Suggest existing task force or a specified organization develop measurable goals and
metrics for cycle time reduction based on categories of systems

— Develop systematic survey of all project to measure progress to goal
— Assign responsibility for meeting goals to OSD(A&T) and Service Acquisition executives
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Recommendation 1.3:
Assign Responsibility for Cycle Time Reduction
To the Acquisition Community

Research Results
— No organization was found to have or to have assumed responsibility for cycle time or
cycle time reduction
— Cycletime issue appears to be submerged in budget process

Recommended Action - Acquisition organizations should embrace cycle time
reduction as a major organizational goal
— Use organizational and legal authority to push cycle time as an issue
— Use milestone authority to enforce changes
— Acquisition community must develop tools and practices to address cycle time issues.
— Acquisition community must adopt to become a culture to allow fast cycle times

Suggested Implementation Strategy - Secretary of Defense and Service Secretaries
should formally assign primary responsibility for cycle time reduction to the
acquisition organizations

— Establish and staff an office to assist the leadership in managing the schedule

reduction effort by tracking and maintaining schedule based metrics, tools, and
policies within the acquisition organizations

Major McNutt menuttr@af.pentagon.mil 4/13/99 cycletime7 ©1999 Ross McNutt

Recommendation 2
Develop and Use Rigorous
Schedule-Based Information and Tools

2.1 Develop Initial Project Plans on the Development
Related Requirements

2.2 Develop and Use Effective Project Schedule
Estimation and Evaluation Tools

2.3 Require “Schedule Proposal” Section in Contractor
Proposals
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2. Develop and Use Schedule
Based Information

Research findings:

— Little detailed schedule based-information available or
used to make decisions

— No scheduling tool was found to be available or widely
used

— Contractors use customer’s expected schedule to
develop their proposals

— Schedule information difficult to evaluate
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Recommendation 2.1:
Develop Initial Project Schedules Based
on Development Related Requirements

Research Findings
— Project schedules are primarily developed based on expected funding availability
— Thereis little rigor in development of initial schedules
— Initial project schedules have a major impact on eventual schedule as they essentially
determines minimum schedule
Recommended Action - Require a detailed analysis of required schedule and require it
be documented in a project “Should Take”

— Require all new project plans be based on the estimated time required to develop the product
based on its development requirements (with an appropriate amount of schedule reserve and
risk (Right Scheduling)).

— Provide the programming process real data instead of “gamed” or manipulated schedules that
attempt to anticipate “realities” of programming constraints.

— Required detailed proposed schedules for all new projects be fully justified and documented
as part of a Milestone Decision
— Milestone Decision Authorities must enforce quality
- OSD(A&T) ACAT ID, SAE ACAT IC and Il, and DAC ACAT Il
— Structure must be compatible with requirements for future schedule estimation tools

Suggested Implementation Actions

— OSD(A&T) direct inclusion of Project “Should Take” Analysis as a requirement in DoD 5000
regulation for ACAT | and SAE direct its use at the lower levels.
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3 Proposed Content of the

& )
R Project “Should Take” Analysis

. Results of different analysis methods used to evaluate required schedule
— Bottoms-up schedule development, parametric estimation, analysis of comparable DoD projects,
analysis of comparable commercial projects, contractor estimates
— Discussion of analysis and its limitations and applicability to this project
. Program office's estimate of time required to develop project as proposed
. Analysis of users schedule-based requirements
— When do they need it, when do they want it, and the reasons why
— Mission and cost impact of not having it by quarter/year (Cost of Delay Analysis)

. Identify current schedule limiting and risk factors
— Schedule sensitivity analysis of requirements and other factors
— Resource loading/availability

. Detailed Program Office proposed schedules

(Minimum projected possible, realistic goals, and maximum allowed)
— Proposed project initiation date
— Detailed proposed project schedule
— Identify logical decision points and key milestones
— Identify critical and near-critical path Items
— Schedule risk analysis and sensitivity
. Schedule management issues
— Project schedule goals, objectives, and requirements
— Schedule monitoring system, metrics, and incentives to be used at each level

Major McNutt menuttr@af.pentagon.mil 4/13/99 cycletimell ©1999 Ross McNutt

Current Required Milestone |

Documentation
. Acquisition Strategy Report . Description of Data Requirements
. Acquisition Program Baseline . Exit Criteria
. Affordability Assessment . Independent Estimate of Life Cycle Cost
. FYDP Funding Profile . Operational Requirements Document
. Analysis of Alternatives . Program Office Life Cycle Costs Estimate
. Component Cost Analysis . System Threat Assessment Report
. Cost Analysis Requirements . Test and Evaluation Master Plan
Description

None Address the Development or Analysis
of the Project Schedule Directly
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Recommendation 2.2:
Develop Effective Project
Schedule Development and Evaluation Tools

Research Findings - No effective schedule estimation tools or schedule-related
databases are readily available or used by the program offices or contractors

Recommended Action - Develop and use a comprehensive database of project
schedule information and schedule estimation tools
— Collect all current project schedules at a level detailed enough for sub-unit comparison
— Use adetailed and recurring schedule based surveys of all ongoing projects
— Augment with commercial product development databases and experiences

— Develop detailed schedule guidelines, benchmarks, parametric models to be used to project
estimate schedules

— Organize in easy to use computer based tool that allow easy use and schedule estimation

— Develop advanced schedule estimation and risk analysis tools using methods such as the
Design Structure Matrix

— Make resulting data and tools readily available to all organizations

Suggested Implementation Method

— OSD(A&T) or SAEs hire arespected company (Rand, TASC, IDA, Supplement or expanded effort of
LAI) to collect, assemble, and organize required schedule based data.

— Collect required information through detailed and recurring surveys of existing project. They
also would develop a wide arrays of benchmarks.

— Maintain schedule models as separate and distinct but compatible with existing cost models.
— Maintain control of schedule models within the acquisition community.
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Recommendation 2.3:
Require a“Schedule Proposal” Section
in the Contractors Proposal

Research Findings
— Contractor’s primary schedule input is customer’s expected schedule
— Schedule based information is currently spread across different proposal sections
— Information needed to effectively evaluate schedule based information
Recommended Actions - Require separate “Schedule Proposal” in addition to cost and
technical proposals
— Envisioned similar to Program Offices “Should Take Analysis”
— Contractors propose detailed schedule, start date, analysis, and associated projected risks
— All critical and near critical paths identified, and discussion of schedule limiting factors
— Company demonstrated schedule capability and past performance (Company Comps)
— Company’s requested schedule based incentives structure
— Proposed methods to manage, measure, and establish incentives to reduce schedule
— Structured to allow consistent and effective schedule based evaluation and the associated
risk from all companies using tools to be developed
Suggested Implementation Strategy

— Organize a group from the three services and Defense industry associations to establish the
appropriate information and structure to be included in the schedule proposal section for
different size and types of projects.

— Direct requirement for “Schedule Proposal” to be included in all future RFPs and proposals.
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Recommendation 3
Provide Incentives That Encourage
Cycle Time Reduction

3.1 Provide incentives for cycle time reduction at
the Program Office level

3.2 Provide incentives at the contractor level

3.2.1 Make the length of the development schedule and
the associated risk a significant source selection criteria
3.2.2 Provide significant schedule-based contract
incentives to meet and reduce the schedule

3.3 Provide extensive training on best product
development practices in all industries

Major McNutt menuttr@af.pentagon.mil 4/13/99 cycletimel5 ©1999 Ross McNutt

3. Provide and Align Incentives For
Cycle Time Reduction

Research Findings:

— No incentive reported by any level -- Pentagon, Program
office, or contractor -- to reduce development cycle time

Shortened schedule last of 4 project objectives
Many projects completed exactly on schedule

Very few projects ever completed ahead of schedule
Schedule is first to be sacrificed
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3.1 Provide Incentives to Reduce
Cycle Time to Program Office

Research Findings
— Many project managers per project (3.7 average) - Current avg. time 15 months
— Little personal accountability or feeling of responsibility for schedule observed
— Shortening schedule seen as lowest priority

Recommended Actions: Develop a set of organizational and personal incentives for program
offices for cycle time reduction
— Develop and track schedule-based metrics for all projects to track schedule performance
— Increase program office and project manager schedule accountability
- Assign project and program managers to the projects for 3 years minimum

— Use schedule length and schedule performance measures as a significant performance
metric for program office and personal performance ratings

— Make project cycle time and cycle time reduction a significant part of program office and
personal award programs

— Use development time as a significant factor in the project screening to select which
projects progress to the next phase

Suggested Implementation Strategy - SAE’s direct a team to develop specific recommendations
for providing effective and broad based incentives to shorten cycle time at the program office
level.

Major McNutt menuttr@af.pentagon.mil 4/13/99 cycletime17 ©1999 Ross McNutt

Recommendation 3.2.1
Make Development Schedule and Schedule Risk
a Significant Source Selection Criteria

Research Findings:
— Contractors report no incentive to reduce cycle timer to bid a shorter project schedule
— Very few contractors propose schedules other than government expected schedule
— Government expected schedule primary schedule input
— Schedule is not seen as important development criteria

Recommended Action: Makes development time and the associated schedule
risk a significant source selection criteria
— Establish effective schedule-based source selection criteria
— Use previously proposed schedule proposal as basis for evaluation
— Develop effective and accepted schedule evaluation procedures
— Use development time as a significant criterion at each stage of the project screening
process
— Combine with significant schedule-based incentives meet or shorten schedules

Suggested Implementation Strategy

— OSD and SAE establish team of government and contractor representatives to establish
framework and standard menu of acceptable options that may be used to evaluate and weight
schedules and schedule risk as a source selection criteria on a specific development project

— Methods used to be selected by program offices following consultation with industry
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Recommendation3.2.2:
Provide Significant Contract Incentives
for the Reduction of Development Schedules

Research Findings
— Contractors report little or no incentive to accelerate contract schedules
— Program offices report no contract incentives for schedule performance or schedule reduction

Recommended Actions: Provide significant schedule based incentives to the contractor to
meet and also reduce project schedules in the development phase

— Develop a framework from which to base and evaluate schedule based contract incentives

— Develop an accepted and standardized menu of options for schedule based incentives which
are acceptable and for which the implications are understood by both government and
contractors communities

— Incentive structures must encourage both meting and reducing the current planned schedules.

— Incentives must be structured so that they do not undermine other goals of the project

Suggested Implementation Strategy
— OSD and SAE direct a integrated government and industry team to develop a framework for
and options included in a menu of accepted schedule-based contract incentives
— Request contractors propose the specific incentives structure and levels that they would like
as part of their schedule proposal
— Allow the government to consider the effect of the schedule-based incentives as part of the
evaluation of the proposals and their risk
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Recommendation 3.3:
Provide an extensive training program on
best product development practices

Research Results:
— Little widespread awareness of best product development practices from other industries
— Only 1 of 5 project managers report taken a formal product development course

— Government acquisition courses teach current DoD policy and do not teach best product
development practices as seen throughout other and related industries

Recommended Action: Start and comprehensive multifaceted training program to
educate acquisition personnel and others involved in the development process the
current best product development practices from a wide variety of industries

— Individual Training - Establish a reading program with regular SPO level discussion groups.

— SPO and Center Level Training - Establish recurring seminars on best product development
practices with speakers from variety of industries - Use Commercial Prod Dev Consultants

— Formal Training - Establish lessons in current training programs on best product development
practices based on other industries experience - Bring in Comm Product Dev Consultants

— Formal Education -Establish a formal competitive scholarship program for officers to attend top
level academic institutions to study best product development practices -- Rec 50 per year

Suggested Implementation Method
— OSD(A&T) and SAE direct DSMC or another group to develop and implement a comprehensive
multifaceted training program on for those involved on the development process of the best
product development practices from all industries.

Major McNutt menuttr@af.pentagon.mil 4/13/99 cycletime20 ©1999 Ross McNutt
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4.1

4.2
4.3
4.4
4.5

Recommendation 4.
Mitigate Funding-Based
Schedule Limitations

Require all projects that are initiated be fully

funded based on development related requirements
Establish an effective project screening process

Limit the number of projects in each phase of development
Clear logjam of current projects

Ensure necessary resources are available to accelerate
projects as opportunities arise
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4. Mitigate Funding-Based
Constraints

Research Findings:

80% of projects’ schedules reported to be funding constrained not
technically constrained

Estimated time required to completion averages 50% of current
planned time to completion

Most initial project plans based on funding constraints, not
technical requirements

Inability to locate funding cited as most important barrier to cycle
time reduction

Major McNutt menuttr@af.pentagon.mil 4/13/99 cycletime22 ©1999 Ross McNutt
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Recommendation 4.1:
Require That Projects to be Initiated Must Be Fully Funded
Based on Development-Related Requirements

Current Situation -
— 80% of project schedules are limited by funding and not limited by technical
development aspects.
— Current practice requires that the project be “fully funded” “as planned”
— Project Plans were shown not to be based on the development requirements.

Recommended Action
— Require project funding profiles and schedules be established based on the
optimal time required to develop the project
- Develop optimal schedule -- then allocate funds required through PPBS
process to carry out project
— Use project screening process and Milestone Decision Authority to limit projects
entering the development process to those that can be optimally funded
— Rescind approval from projects that funding profiles are significantly altered
after a milestone decision
Suggested Implementation Strategy

— OSD(A&T) and SAE direct all plans to be developed based on project
requirements and then following a project screening process input projects into
the PPBS process

— Initiate with ACAT Il and lll projects and demonstrated effects prior to
implementation with ACAT | projects
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Recommendation 4.2;
Establish an Effective Project Screening Process
for Entry into Each Phase of Development Process

Current Situation
— No effective process used to select or control projects entering into each phase of development
— Current limiting process primarily based on ability to locate funds to initiate project
— Milestone decision process not effectively limiting projects, especially small projects
Recommended Actions - Establish a competitive project screening process to allow the highest

priority projects that are fully ready and can be supported by the available resources to enter each
phase of development

— Select the projects that will be allowed to proceed to the next development phase, those that will
remain in the current phase, and those that will be canceled.

— Senior leaders to run a “Project Evaluation and Selection Board”
- Direct project to project comparisons -- Similar to Office Promotion Board
— Selection categories done by mission area and ACAT level or some other logical grouping
— Require all projects to pass through the process (allow only emergency exceptions)
— Require Pre-certification evaluations from each community on each project prior to board
- Users -- military worth; AQ -- adequacy of dev plans, schedule, risk; FM -- Cost Estimates
— Useresults of selection process as direct input into PPBS process.
- Control dollar amount by number of projects

Suggested Implementation Strategies

— OSD(A&T) and SAE or higher direct the establishment of a project selection process to select
projects that will enter into each phase. Demonstrate process effectiveness with ACAT lll
projects first then migrate to ACAT Il and then ACAT | projects once demonstrated and
established
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Proposed Project Screening Process Structure
e I,
1 | I

I
I |
I Production I I
Contract
Development CFSD | Option :
ontract ! 1
| Contract Option | Negotiated
Award Negotiated Proiect Pre-Qual Project
Pre-Oual Project Pre-Qual | 3¢ Selection
A . Selection
Certification Selection Board
Board
Board
Milestone | Milestone 11 Milestone 111
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Pre-qualification Certification and Ratings

. Pre-qualification states that, if approved, the project stands a very high
probability of completing within its cost, schedule and performance
requirements and that it will meet the operational mission that it is
intended

. Pre-qualification certifications -- ensure that the estimates in each area are
accurate as stated and level of risk identified
Projected cost - FM responsibility
Operational - Users responsibility
Schedule- AQ responsibility
Management plan - AQ responsibility
Technology proven - AQ responsibility
Contract options signed and ready (Milestone Il and Il1)

. Pre-qualification certification and ratings would be obtained from
the respective organizations prior to the Project Selection Board.
No project would be allowed to meet the selection board without
them.

Major McNutt menuttr@af.pentagon.mil 4/13/99 cycletime26 ©1999 Ross McNutt
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Project Selection Board

. Formed by senior service, unified command, MAJCOM leaders or
their deputies
. Would do a project-by-project comparison within certain
categories
— Project areas separated by size and possibly mission areas

. Projects would be rank ordered based on information presented
within each area

. Senior leaders would select projects based on criteria that would
be based on budget allocation

. Final selection made by Service and DoD leadership

. Have option of returning projects to current phase, completing
and documenting or selecting it for the next phase
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Recommendation 4.3:
Limit the Number of Projects in
Each Phase of Development

Research Findings
— No established or effective limit to the number of projects in the development phase
— No effective control method - ability to obtain and maintain funding - only current limit
— Little control over smaller projects - too many projects to oversee even at program office

Recommended Action - Establish firm limits on the number of projects allowed in
each phase of development at any one time
— Decreasing number of projects per phase
— Force selection boards and leaders to make hard decisions between projects
— Encourage to push projects through the development process or stop them
— Establish limits based on the amount of projected funding with management reserve
— Should specify mix of size, projects, weapon system types
— Allow trades small vs large projects with an appropriate weighting (i.e. 7 small to 1 large)
— Allocate number of projects prior to selection board with opportunity to revisit following

Suggested Implementation Strategy
— OSD(A&T) and the Service Acquisition Executives, with concurrence of the Defense and
Service Secretaries should specify the total number of project that may be in each phase of
the development process at once. Strictly enforce through use of Milestone Decision
Authority.
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Recommendation 4.4:
Clear Logjam of Current Projects

Current Situation:
— Logjam of current projects in development is causing large amount of project slip
— Funding Instability accounting for half of project slips
— Large number of projects in development but the actual number is unknown
— Recent large reduction in available development funds -- few project cancellations

Recommended Actions -
— Firstidentify and document all current development projects at the project level
- Categorize into project types and phases for project screening process
— Use proposed project screening process to review and prioritize all current projects
- Identify the lowest-priority projects and stop them -- use resources to accelerate others
— Time phase remaining development projects to conduct them in series not parallel
- By contractor facility and program office, pair ongoing development projects
- Place one project on hold and use its resources and personnel to accelerate the other
- When first project is nearing completion, restart project on hold.

Suggested Implementation Steps
— SAE direct several demonstration projects to show results on smaller projects

— OSD(A&T) and Service Acquisition Executives then negotiate with Industry CEOs to obtain
agreement on wide spread implementation of concept. Direct implementation at the PEO and
Product Center Level
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Recommendation 4.5:
Ensure that Necessary Resources Are
Available to Accelerate Projects Schedules

Research Findings:
— Lack of available funds reason most cited for not accelerating projects
— Very few projects ever accelerated
— Project managers estimate projects could be done in half the remaining time

Recommended Action: Establish a management reserve to be used for cycle
time reduction -- Use annual fallout money to accelerate projects first
— Give cycle time reduction requests first priority at any extra available funds
— Earmark fallout funds for cycle time reduction efforts only
— Disallow use of fallout money for new starts or additional requirements
(New starts controlled by project selection process only)

Suggested Implementation Strategy

— OSD(A&T) and SAE work with finance and budget community and establish policy
directives that allows product centers and PEO to use available funds within their areas
first for cycle time reduction, then allow other PEO and product centers to use any
remaining funds for cycle time reduction efforts, prior to initiating any new projects or
project feature or requirement additions
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Recommendation 5
Demonstrate Application and Results Through
Near-Term Demonstration Projects

A demonstrated capability and impact of cycle time
reduction efforts is needed at both the project and
portfolio-of-projects levels before full implementation

5.1 Establish pathfinder projects that demonstrate the
effectiveness of the cycle time reduction approach on
specific projects

5.2 Establish Re-invention Laboratory that demonstrated
effectiveness of approach on a range of products within an
entire program office or product center
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5. Demonstrate Application
Through Demonstration Projects

Research Findings:

— Very few projects ever complete early

— Funding-based issues are systemic across all projects

— Examples of similar commercial projects finishing in
significantly less time

— Commercial constraints are significantly different than in
defense industry

— Few previous efforts to reduce programmatic limitation on
product development cycle time from which to base decisions

— Few demonstrated examples to show proper path to reduce
cycle times as most important barrier to cycle time reduction
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Recommendation 5.1:
Establish Pathfinder Projects that Demonstrate the
Ability to Reduce Cycle Time on Specific Projects

Research Findings:
— Few examples of cycle time reduction -- No clear demonstrated capability to shorten times
— Widespread skepticism about impact of cycle time reduction on cost and performance.

Recommended Actions - Select and run a series of pathfinder projects that demonstrate
the ability to reduce cycle time on a wide array of project types
— Select arange of new and existing projects from all product centers as pathfinder projects to
show results of a cycle time focus and cycle time reduction efforts
— Make direct comparisons with similar “control” projects not selected for the pathfinder status
or cycle time focus
- Capture data on results reported by all affected organization,
- Compare to previously planned and resulting pathfinder approaches.
— Capture lessons learned and problems faced at the project level
— As lessons are becoming apparent, begin second round of Pathfinder project. (within 8
months)

Suggested Implementation Strategies
— OSD(A&T) and SAEs direct initiation of a series of pilot projects at each product centers
— Allow Pathfinders wide latitude to take actions they feel are appropriate to reduce cycle time
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Recommendation 5.2:
Establish Re-invention Laboratory that Demonstrates the
Effectiveness of Approach on the Acquisition System

Research Findings
— Product development cycle time affects not only each project but affects the
development process as a whole
— The focus on cycle time in the commercial industry has been on a range of projects
and not on one single project
— No demonstration has been conducted to account for compounding effects of cycle
time reduction on a set of projects

Recommend Action

— Select a number of program offices with many development projects to act as
reinvention Laboratories to demonstrate the compounding impact of cycle time focus
on arange of development activities over time

— A basket SPO or a mature development project would have a large range of projects
that could demonstrate the effectiveness of this approach within a controlled
environment

— A matching program office without the re-invention lab could provide a control
comparison to demonstrate effect of changes

Suggested Implementation Strategy
— OSD(A&T) and SAE direct the establishment of a SPO level Reinvention Laboratory at
each product center
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17



10/16/00

Near-Term Steps

Address the following recommendations

1.1 A clear business case or rational for cycle time
reduction

2.1 Analysis and estimate of how long a development
project

Planning Preparation 1 -6 months
— Making case and preparing plans
— Senior Leadership decision

Develop Implementation Practices 6 -18 months
— Develop Tools, Policies, and Procedures
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Extra Back Up Slides
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Proposed Implementation Process
(24 months)

Planning Preparation 1 -6 months
— Making case and preparing plans
— Senior Leadership decision
Develop Implementation Practices 6 -18 months
— Develop Tools, Policies, and Procedures
— Pilots, Pathfinders, Tests
— Senior Leadership decision
Initiate Wide Scale Implementation 18 months
Implementation Review 24 months
— Senior Leadership Review
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Planning Preparation
(1-6 months)

. Develop clear and compelling business case for cycle time reduction
— Use existing cycle time reduction teams to develop business case

. Establish core cycle time reduction staff group (3 people full time)

. Plan schedule information collection method
— ID all projects - Determine information needed
— Prepare surveys - Select contractor to develop models

. Develop education plan for next phase

. Establish complete implementation plan for next phase

. ID pilot projects and develop implementation plans

. ID team capabilities required and members for next phase

. Present business case and plan for next phase to senior leaders for
approval of next steps

. Get buy in and support from both Government and Industry Leaders
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@i‘ Develop Implementing Practices and Procedures
- (6-18 months)

S

. Establish Government/Industry Team (Working (Gov/Cont Assigned) /Exec)
— Establish “Schedule Proposal” structure and requirements
— Define acceptable menu of schedule based source selection criteria
— Define acceptable menu of schedule based contract incentives
. Establish Government Team (Working (Assigned) /Exec)
— Define Requirements for Project “Should Take” Analysis
— Define Project Screening Process, how to implement it, and get agreement
— Determine how to implement with PPBS system and get agreement
— Determine appropriate Government schedule incentives
. Implement training/Communication program across all organizations (1 full time)
. Execute schedule survey and develop schedule database tools (1 FTE +Contractor)
. Initiate Pilot Projects and pull early results/lessons learned (1 full time)
. Develop detailed implementation plans and options (who/how/when)(group)
. Test proposed procedures and practices on a number of sample projects
. Implementation plans reviewed by senior DoD and industry leaders
— Achieve negotiated agreement at senior levels
— Fully consult congressional and administrative leaders

. Make decision to implement new policies - Secretary of Defense/AF level
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Full Scale Implementation
(Starting in 18 months)

. Implement plans and procedures
— Change Regulations/Issue guidance

« Run Project Selection Board
. Execute project changes

. Review implementation progress at 6
month intervals

Major McNutt menuttr@af.pentagon.mil 4/13/99 cycletime40 ©1999 Ross McNutt
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Production

Contract
Development FSD Contrait Option
| Contract Option Negotiated

Award Negotiatece Proiject

. Project Pre-Qual Seloni
Pre-Qual Project Pre-Qual Selection Q Seéec)‘g;g”
Certification Selection Board
Board

Milestone | Milestone 11 Milestone 11
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Appendix 2

| mpact of Long Development Times

Long development times impact the DoD in many ways. They impact our military
capability through systems, long in development, not being ready when needed. They
impact our military capability through systems’ not meeting the current need when fielded.
They impact our military capability through fielding of dated technology in our newest
systems. They impact our ability to quickly respond to new or emerging threats or to
respond to known safety issues. Long development times also result in increased cost to
develop and sustainment of our weapon systems. Examples of each type of impact of long
development times are provided below.

A. Systems Not Ready When Needed

Desert Storm provided a unigque opportunity to identify military needsin awartime
environment and determine the possible impact of equipment in the development pipeline
had it had been deployed more quickly. Seven systems would have mitigated critical needs
during the early part of Desert Shield and Desert Storm.

Long-Range, Wide-Body Strategic and Tactical Airlift: The C-17

In the late 1970s, the Air Force identified aneed for the C-17 to supply the newly
formed U.S. Rapid Deployment Force. The request for proposals for the C-X cargo plane
was released in October 1980. Eleven years later, during the earliest stages of Desert
Shield and the Gulf War, acritical shortage of heavy-lift aircraft, combined with alack of
suitable airfields in Saudi Arabia, limited the speed by which the military buildup could
occur. Thiswas precisely the mission for which the C-17 was being developed and
designed. The C-17 was delayed in part owing to a decision to produce more C-5B
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aircraft. The C-17 did not seeitsfirst operational use until Operation Provide Hopein
Bosniain 1995.¢

Satellite Communications: MILSTAR

Development of the MILSTAR satellite system, designed to upgrade the military
communication system, began in 1981. In 1983, the Air Force issued a contract designed
to provide secure and survivable tactical and strategic communication by the late 1980s.
Eight years later, the communication capacity required to conduct the early stages of Desert
Shield proved inadequate, as existing UHF and SHF systems were susceptible to jamming
and interference. Communication officers finaly cobbled together an adequate
communication system by employing leased commercia satellites, repositioning existing
military satellites, and reviving decommissioned communication satellites.**” The first
MILSTAR satellite was not launched until February 1994, and the second satellite not until
November 1995.

Precision Targeting: LANTIRN Targeting Pod

The Low Altitude Navigation and Targeting Infrared for Night (LANTIRN) system
was initiated in 1979 to give F-16s and F-15s the ability to navigate at night and to lock
onto targets precisely and use precision-guided weapons. During Desert Storm, 11 years
into a 12-year development effort, only six targeting pods were availablefor  F-15Esand
no targeting pods were available for F-16s. Thisleft most deployed fighters without
precision bombing capability. Thisincreased the number of aircraft required to attack each
target, decreased the lethality of the attack, decreased the distance from the target the pilots
could release the bombs, and exposed pilots to greater risk. Immediately after Desert
Storm, the targeting pods were produced and fielded at arate of 28 per month. By 1992,
400 F-16s were outfitted with the LANTIRN system, which had the development time
been shorter may have been available for usein Desert Storm.**®

Secure Data Links: Joint Tactical Information Distribution System
The Joint Tactical Information Distribution System (JTIDS) program was initiated in
1974 to enable all U.S. military fighter and command-and-control aircraft to share data on the

118 | nformation provided by the C-17 Program Element Monitor and several Aviation Week and Space
Technology articles from the early 1980s.

17 Alan Campen. Ed. The First Information War: The Story of Communication, Computers, and Intellegence
Systems in the Persian Gulf War. Armed Forces Communications and Electronics Association Fairfax VA.
October 1992. Pg. 8.

18 | nformation provided by the LANTIRN Program Office.
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location of friendly and enemy aircraft and targets. During Desert Storm, 19 yearsinto a 20-
year development effort, no fighter aircraft were equipped with JTIDS. The results was less
situational awareness for U.S. pilots, higher risk of fratricide, and the possible escape of
additional Iragi planesto Iran.**® The system wasfirst deployed in 1993 on the F-15s at
Mountain Home AFB. In amatter of weeks, the fighter wing employed new tactics, using a
line formation, that allowed a dramatic increase in effectiveness due directly to the increasein
situational awareness provided by JTIDS.**

Satellite Navigation: The Global Positioning System

The satellite Global Positioning System (GPS) program was initiated in December 1973
to provide continuous worldwide, three-dimensional navigation ability to U.S. air, ground, and
seaforces. At the beginning of Desert Storm, 21 yearsinto a 23-year development effort, GPS
could provide only 14 hours of navigation daily. Very little GPS receiver equipment was
available to operators of aircraft, or vehicles, or to soldiersfor persona use. Soldiers parents
purchased commercially available GPS receivers and sent them to their sons and daughters. The
Japanese purchased American-made commercial GPS receiversfor U.S. military personnel. By
the end of Desert Storm, the launch of additional satellites provided 23 hours of navigation
coverage, but many military units still did not have user equipment. The lack of GPSfield
receivers meant that more soldiers were lost in the desert and captured. The U.S. Army also
attributed most fratricide incidents to armored units that were lost and out of position.’** Because
of the lack of available military receiversthat could use the encrypted GPS signdls, the U.S. had
to provide the GPS signals without encryption and as aresult did not have the capability of
denying the use of the GPS system to Irag while using the signal itself.*

The Advanced Medium-Range Air-to-Air Missile

The Advanced Medium-Range Air-to-Air Missile (AMRAAM) wasinitiated in November
1978 to give U.S. fighter aircraft an advanced radar system for guiding missiles. AMRAAM
was designed to provide amultiple-target, fire-and-forget capability at extended range, expanding
the engagement envelope over the Vietnam-era AIM-7 Sparrow missile. During Desert Storm,
12 yearsinto a 13-year development effort, no operationa AMRAAMs were available, although
several missileswere used in tests. After Desert Storm testing was accelerated, and operational
capability was declared six months later, in September 1991.

19 | nformation provided by aformer program director for JTIDS.
120 | nformation provided by aformer program director for JTIDS.
21 U.S. Army report on GPS in Desert Storm.

22 | nformation provided by the GPS Program Office.
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Wide-Area Anti-Tank Cluster Bomb: The CBU-97B Sensor-Fuzed Weapon

Development of the Sensor-Fuzed Weapon (SFW) was initiated in January 1983, to
provide the ability for alimited number of aircraft to destroy up to 24 tanksin asingle attack.
During Desert Storm, 8 yearsinto a 14-year devel opment program, no Sensor-Fuzed
Weapons were available. The U.S. thus had limited capability to stop an early Iragi armored
invasion of Saudi Arabiahad one occurred, and additional aircraft sorties were required to
attack Iragi armor, increasing the risk to pilots and destroying fewer Iragi tanks.'*

Many other major defense systems under devel opment for at least five years were
not available for use in Desert Shield or Desert Storm. Those included the Stingray Anti-
Aircraft Missile, the V-22 Osprey, the AGM-130 Powered Glide Bomb, the Mark XV
Identification Friend or Foe, the Army Brilliant Anti-Tank Weapon, the Advanced Apache
Longbow and Hellfire Missile System, the Comanche attack helicopter, the AWACS Block
30-35 upgrade program, the F-22 air superiority fighter, and the B-2 strategic bomber. All
these systems were started based on an identified need. Many of these systems have still
not reached operational status 7 years later.

A few systems were rushed through development and made available to troops
during the six months prior to Desert Storm. The Joint STARS surveillance plane was
pushed into service and provided critical observations of Iragi troop movements. A bomb
system, the Bunker Buster, was developed and fielded in 29 days. Thisrapid action
demonstrated that the acquisition system can move quickly to meet the needs of warfighters
when they are seen as essential. But such efforts are the exception rather than the rule.

B. SystemsNot Meeting Current Needs When Fielded

With the average devel opment time for a new magjor defense system approaching 10
years, the need for and requirements of any system in devel opment may dramatically
change. Many of the systems now in the pipeline are based on the threat and political
environment that existed before the dissolution of the Soviet Union and the Gulf War. Of
26 current mgjor development programs in the RAND database and due for completion
between 1995 and 1999, only 6 were started following the end of the Cold War. Twelve
began during the early 1980s, when the U.S. faced aradically different environment. One
result isthat systems often do not adequately meet warfighters' current needs when fielded.
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MILSTAR |

Communication is asignificant area where new systems are not meeting today’ s
requirements. During the early 1980s, for example, the most pressing need was seen as
communication systems that could survive afull range of conflicts, from regional to full-
scale nuclear war, and also foil enemy attemptsto jam the signals. In response to these
needs, the MILSTAR program was started in 1981. But by the time the first satellite was
deployed in 1994, the requirements had changed dramatically. Inthe Gulf War, the most
pressing problems were not security and anti-jam capabilities but bandwidth and the
capacity to process data quickly. Evenif MILSTAR had been operational in time for Desert
Storm, itslow data-processing rate would not have helped meet the large demand for fast
communication. A significant portion of communication today isin the form of digital data
and fax transmission, which MILSTAR’ s 2400-baud data rate does not effectively support.
The development of MILSTAR consumed most of the available resources to upgrade and
maintain other military satellite communication systems. The MILSTAR 1l satellite now in
development is projected to increase the data-processing rate moderately, to 9600 baud, but
even this new design will not be able to support communication needs as they existed
during Desert Storm.*>

C. New Systems Fielded with Dated Technology

In the time now required to develop and field a new military system, technology is
no longer state of the art, and in some casesit is obsolete and out of production. Ten years
ago, the Packard Commission stated that long development cycles “lead to obsolete
technology in our fielded equipment. We forfeit our five-year technological lead by the
time it takes us to get our systems from the laboratory into the field.”** This problem is
severely exacerbated by the rapid rate of advancein electronics. Technologies are usually
selected and “frozen” early in full-scale development, significantly undermining programs
based on fast-moving electronic and computing technologies. These effects can be seenin
programs such as the F-22, Joint STARS, and AWACS Radar System Improvement
Programs (RSIP), all of which are heavily dependent on computer processing. Current

123 | nformation provided by the Wide Area Munition program element monitor and the Wide Area Munition
Program Office.

124 Campen, Alan. Editor. The First Information War: The Story of Communications, Computers, and
Intellegence Systemsin the Persian Gulf War. Fairfax Virginia: AFCEA International Press. 1992. Pg.
58.

125 President’ s Blue Ribbon Commission on Defense Management. “A Formula For Action: A Report to the
President on Defense Acquisition” (The Packard Commission Report). Washington D.C. April 1986.
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processors available operate significantly faster. Asapoint of reference of today’ s (1998)
technology used in home computers, the current Pentium Il processor, operating at 300
MHz, can execute the equivalent of 627 million instructions per second (MIPS).1%

AWACSRSIP

Theinitial computer processor for the AWACS Radar System Improvement
Program, selected in 1986, was the most advanced then available--a specially modified R-
3000 at 10-12 million instructions per second. In 1995, the production of the modified R-
3000 was canceled so the processor was upgraded to a specialy modified R-4400 at
running at 33-50 MI1PS--at an additional cost of $26 million. 1n 1998, the manufacturer
again stopped producing the modified processor, and the Air Force made a $4 million
lifetime buy to satisfy al its future needs for the processors for the expected life of the
equipment. Now the service wants to upgrade to the Power PC processor to allow for
additional capability, but no funds are available to pay for another upgrade.® The current
processor is running at near capacity with the existing software modifications leaving little
room for additional functions.

126 Based on analysis of processor performance from Intel Corporation processor facts sheets from their web

pages.
27 Source: AWACS Program Office
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Dated Technology In Newly Fielded Systems

1985 1990 1995 2000 2005

A Al A A Fielded Processor Technology

386 486 Pentium Pentium I 2?27?27 Proc Age at IOC Age at 10C
6 MIPS 25 MIPS 100 MIPS 627 MIPS 2777 Mips - (Ts) )
AWACS RSIP ss50 6 o

' « Org processor end of production 94
! « Processor replaced while in dev.
Mod RISC R3000 Mod RISC R44C ‘ ‘ « Additional$26 M Dev cost + delay
(10-13 MIPS)*cisc Eq (33-50 MIP ‘ C E « Proc speciall);m;)difizd for speed
A * Processor end of production 1998
‘ f PrOdUCtlon « Currently operates at 95% capacity

* Upgrade desired but not planned ($)

Joint STARS 56 6 7
l * Uses 5 computers
5 DEC 6600 + Computer end of production 1997
(56 MIPS) « Currently operates at 90% capacity
= « Computer upgrade project started 96
r 4 Production « Included in A/C delivered after 8/2000
F-22 8-10 15 17
' *~30 proc per plane - 10 for EW sys
1960 MX 25 MHz L rocessor endofproducton 1555
. u
(8-10 MIPS) « Not included in first 5 prod lots.

Figure A2-1: The Progression of Commercial Computer Processors vs.
Those Fielded in AWACS RSIP, Joint STARS and F-22 Aircraft **

Joint STARS

The processor for the Joint STARS Main Mission computer was selected in 1991 as
the DEC VAX 66D, running at 56 MIPS. The system required three active computers,
three to run mission software and two to operate as ready spares. But the origind
processor is out of production. An upgrade program was started in 1996 that will replace
the five computers with one operating and one spare processor, to be included in aircraft
delivered in 2005 and later. The current fleet will aso be upgraded.

The F-22

The F-22 processor, selected in 1990 as the best available technology, isthe
1960M X, which operates at 8-10 MIPS. The electronic warfare system requires 10 such
processorsto perform its mission. Today a single processor could provide the same
capability. Because the supplier is ending production, the Air Force is making afina buy

128 Source; F-22, AWACS, and Joint STARS Program Offices.
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of the number required until an upgraded processor can be incorporated into the design of
the aircraft. Processor upgrade programs are scheduled for 2000 and 2005, whenthe F-
22 is expected to reach operational capability.®

Computer processors are not the only area of technology that is rapidly changing.
Other areas include digital signal processors, memory, Sensors, communication systems,
autonomous control, and navigation technologies. Many of these technology advances are
being driven by the rapid advances within commercial electronics. Military aircraft, ships,
and space systems rely heavily on such electronic systems to provide communication and
control.

D. Slow Responseto New or Emerging Threats

Emerging threats based on new technology or a unique combination of existing
technologies can pose a significant challenge to U.S. forces, and leave them exposed.
Closing the performance gap and quickly developing counter-systemsis an important
aspect of maintaining technological superiority.

One example of the U.S. failure to pursue this strategy has been development of a
counter-system to the Soviet Archer AA-11 off-boresight air-to-air missile. Off-boresight
missiles can attack aircraft at awider angle than standard air-to-air missiles, allowing
aircraft equipped with them to fire on opponents at greater angles from the nose of the
aircraft and significantly increasing their chances of killing their opponent before being shot
down.

U.S. Response to Off-Boresight Air-to-Air Missiles

The United States learned of the Soviet AA-11 Archer off-boresight missile and its
helmet-mounted cueing system in 1985, when it photographed Soviet fighters carrying the new
missiles near Finland. In 1989, after the unification of Germany, the U.S. obtained access to
many operational AA-11 missiles from the former East German Air Force. Analysis and flight
tests of the AA-missiles and the cueing system in MiG-29s indicated a“ very significant”

12 Source: F-22 Program Element Monitor and F-22 Program Office.



Appendix 2. Impact of Long Development Times 377

combat advantage over F-16sin close air-to-air combat.** The Israglis minimized their
exposure to the new Soviet missile by quickly developing and fielding a more capable off-
boresight missile, which they tested within three years and had operational within nine years.
Both the Russian and Israeli missile systems are now sold to a number of countries.™

The U.S. Air Force had long seen the significant advantage provided by off-
boresight missilesin close air combat. Studiesin 1970 of the F-15 and the proposed AIM-
82 off-boresight missile showed avery dramatic effect with kill ratios increasing
dramatically over similarly non-equipped aircraft.**> The AIM-82 missile was never
developed. 1na 1995 article in Aviation Week, General Roland Y ates, retired Air Force
Materiel Command commander, said, “ The off-boresight missile and helmet mounted
cueing system dominates the close-in fight within 3 miles. If an enemy has the capability
and you do not, he'sgoing to kill you. If he can seeyou, you aredead. Evena9 g turn
will not make any difference.”*** A former senior Joint Chiefs of Staff officer stated, “For
the Air Force and Navy not to have a helmet-mounted cueing sight and an off-boresight
missileisabsolutely criminal.” **

The U.S. system developed in response to the new threat isthe AIM-9X, whichis
expected to reach operational capability in 2002, 17 years after the threat was identified.
Currently, no U.S. fighter has any off-boresight missile capability.

E. Slow Responseto Known Safety Problems

The current development processis also often slow to respond to identified safety
requirements. Two high-visibility programs that highlighted this slow response are the
integration of Traffic Collision and Avoidance Systems and Global Positioning System
receivers on military aircraft.

130 “Missile Handicap, Part 1. U.S. Intensifies Efforts to Meet Missile Threat” Aviation Week and Space
Technology. 16 October 1995. Pg. 36.

131 “Missile Handicap, Part 1. U.S. Intensifies Efforts to Meet Missile Threat” Aviation Week and Space
Technology. 16 October 1995. Pg. 36.

%2 The study was conducted by LTC Larry Welch in 1970 and was known as the TAC Avenger Study. It
showed very dramatic advantages of off-boresight missiles. LTC Welch later became the Air Force Chief of
Staff. It is detailed in the Pentagon Paradox by James Stevenson. Naval Institute Press. Annapolis MD
1993.

138 “Missile Handicap, Part 1. U.S. Intensifies Efforts to Meet Missile Threat” AWST 16 Oct 1995. Pg. 36.

13 Missile Handicap, Part 1. U.S. Intensifies Efforts to Meet Missile Threat” AWST 16 Oct 1995. Pg.36.
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Traffic Collision and Avoidance System

The Traffic Collision and Avoidance System (TCAS) wasfirst officially
recommended for installation in Air Force aircraft in 1994 after a near collision among two
B-52s on an around-the-world exercise and a Saudi Arabian 747 over the Mediterranean
Sea.™®® Similar TCAS equipment had been previously ordered installed on al commercial
transport aircraft in 1988. A safety officer implored that the equipment also be added to
military aircraft after another near-missin 1995, when a C-5 flew between a KC-10 and the
flight of F-16sit was refueling.

After the crash of the T-43 (Boeing 737) carrying Secretary of Commerce Ron
Brown in 1996, the Air Force was ordered to install the TCAS system on its aircraft.
Installation on VIP transport aircraft is to be completed by 2001, and on larger transports,
which carry troops and cargo, by 2006. This response came too late for the crews of a
U.S. C-141 and a German C-130, which collided off the coast of Africain September
1997, killing 33 people, including 9 U.S. service members.

GPS Receivers on Military Aircr aft

The long devel opment, purchase, and installation time in providing Global
Positioning System navigation equipment on military aircraft has produced similar results.
Commercial GPS receivers have been widely available. FAA-certified aircraft GPS
recelvers have been available for commercia and private aircraft for less than several
thousand dollars per aircraft for many years. Portable handheld receivers with moving map
displays and aeronautical databases designed for aircraft use are available for less than
$600. Thelack of GPS capability was cited as one of the contributing factorsin the 1996
crash of amilitary Boeing 737 that killed Commerce Secretary Ron Brown, 34 business
leaders, crew, and others. The pilot was off course on a non-precision approach and
crashed into amountain. It was found that GPS could have helped avoid the accident.
Following the Brown accident GPS equipment was ordered installed on all military aircraft.
GPS could have helped avoid other accidents as well including the crash of aC-130
presidential support plane in Wyoming which went off course at night and hit a mountain.
The lack of GPS navigation also could have helped avoid an Army helicopter’s
inadvertently crossing the DMZ into North Korea; one of the pilots died and an

1% Matthew Brelis and Stephen Kurkjian. “111 Equipped Air Force Plane Haunts Widow.” Boston Globe.
December 3, 1997. Pg. 1.
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international incident ensued when the North Koreans shot down the helicopter. GPS
navigation has been in devel opment since 1973 and has been commercially available since
1992. Integration of GPS systemsinto all military aircraft is not expected to be complete
until after 2002.
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F. Effects of Development Time on Cost

Long development times also impact the cost of the systemsthat we buy. They
lead to higher development cost and less money being spent on producing the products.

Increased Cost of Development

Conventiona wisdom indicates that the longer the devel opment time, the more a
project will cost. The Packard Commission concurred, stating that “time is money, and
experience argues that aten-year acquisition cycleis clearly more expensive than afive-year
cycle.”** Thereissignificant evidence of this effect in commercia development efforts.™*”
Unfortunately, no data estimating the cost of different development schedules are available
for specific military projects. The cost models now used by DoD and the services do not
account for the effects of time.

Data on mgor defense acquisition projects available from RAND show a positive
correlation between development time and cost. Of the ACAT | programs, those that take
lessthan 7 years to complete have an average development cost of $1.2 billion. Projects
that take between 7 and 14 years have an average cost of $1.8 billion. Those taking over
14 years average $3.6 billion in development cost.**

1% President’ s Blue Ribbon Commission on Defense Management. “A Formula for Action: A Report to the
President on Defense Acquisition” (The Packard Commission Report). Washington D.C. April 1986. Pg..
8.

137 See discussion in Chapter 2.

138 For the 123 projectsin the RAND database with the necessary information, the Pearson correlation
coefficient between the length of project schedules and cost of development is positive 0.25, with atwo-
tailed significance level of 0.005. Thisindicates that though there is considerable scatter in the data, longer
programs on average do cost more.
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Figure A2-2: Cost by Yearsin Development for Major Defense Acquisition
Programs (Data from RAND SAR Database).

Similarly, cost and schedule data on 154 projects of al sizesincluded in the
surveys conducted as part of this research effort indicate that the correlation between
development time and cost is both positive and statistically significant.*®*® The best fit line
through the devel opment cost and the devel opment time for the projects surveyed indicated
that the devel opment cost was best correlated with the fourth power of the development
time.

4
Dev Cost ($M) ~ (0.03 x Dev Time (months) + 1.36)

1% These surveys and the responses from them are discussed at length in Chapter 5-10.



382  Reducing DoD Product Development Time: The Role of the Schedule Devel opment Process

Development
Cost
38 B .

5 I Model Predicts
— - Time Dev Cost

$20B = 24 $18.7 M
= 48 $61.5 M

96  $3232 M

$10B & 144 $1.04 B

- | 192 $2.57 B
$4,006M G gl
$1206M 5 T =17

’ L ]

= L ),,/
s256 M o T (I G Siilvi

T ]
= ] T

$16M 5 Bl Observed
- ° Model

$O 0 24 48 72 96 120 144 168 192 216 240

Development Time (Months)

Figure A2-3: Plot of Development Cost and Development Time for 154
Projects Surveyed as Part of this Research. 4™-power Scale for Cost.
Best Fit Line Drawn through Data.

This does not necessarily mean that a project scheduled to take longer than another
will necessarily result in dramatic increases in development costs, only that across al
projects, development cost is associated with the fourth power of the schedule. This
relationship may be complicated by a host of factors other than ssimply long development
times, including complex requirements for the weapons. Also, long development times
may result in design changes in response to changing threats, technologies, and priorities,
raising costs. However, the data does suggest that longer programs not only cost more --
they cost alot more.

More Funds Towards Development — L ess Towards Production

Not only do longer programs cost more to develop but alarger percentage of the
total project cost is consumed during development. Datafrom the RAND SAR database
indicate that projects requiring less than 14 years of development time saw 27 percent of
their cost go to development and 73 percent go to production. Projects with development
times over 14 years had 46 percent of their cost go to development and 54 percent go to
production.
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Figure A2-4: Ratio of Program Cost Going to Development and
Production, by Development Time.**

As development programs have lengthened over the years, so has the percentage of
DoD funding going to research, development, test, and evaluation (RDT&E). RDT&E
funding for 1997 was $32 billion, representing 42 percent of total DoD investment funding
(RDT&E plus production). Thiswas the highest percentage ever. The rising percentage
spent on RDT& E meansthat a smaller percentage is available for producing new systems
or enhancing the operations, training, and readiness of existing forces. While both
RDT&E and production funds have been cut significantly in the last 10 years, the RDT& E
accounts have sustained smaller decreases. This has resulted in fewer new systems being
fielded and made available for the warfighter.

140 Source of Data: RAND SAR Database
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141 Based on DoD Annual Budget.
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